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(57) ABSTRACT 

A nitride semiconductor device includes: a substrate having 
a principal surface; a ?rst nitride semiconductor layer 
formed on the principal surface of the substrate and includes 
one or more convex portions Whose side surfaces are vertical 
to the principal surface; and a second nitride semiconductor 
layer selectively grown on the side surfaces of the one or 
more convex portions of the ?rst nitride semiconductor 
layer. 
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NITRIDE SEMICONDUCTOR DEVICE AND 
METHOD FOR MANUFACTURING THE 

SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This non-provisional application claims priority 
under 35 U.S.C. §119(a) of Japanese Patent Applications 
Nos. 2006-17193 and 2006-23029 ?led in Japan on 26 Jan. 
2006 and 31 Jan. 2006, respectively, the entire contents of 
Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a nitride semicon 
ductor device using a nitride semiconductor and a method 
for manufacturing the same. 
[0004] 2. Description of Related Art 
[0005] A semiconductor light emitting device using a 
nitride semiconductor has already been practically used as a 
light emitting diode in various kinds of ?elds because it is 
able to emit light over Wide Wavelength ranges from ultra 
violet to blue or green visible light by suitably controlling 
the composition of the nitride semiconductor. 
[0006] As the nitride semiconductor has a large band gap 
and a deep acceptor level, it is di?icult to reduce the 
resistance of a p-type layer. However, in order to reduce the 
operating voltage of a light emitting diode having a p-n 
junction, it is essential to reduce the resistance of the p-type 
layer and contact resistance betWeen the p-type layer and an 
ohmic electrode. 
[0007] Hereinafter, as a ?rst conventional example, a light 
emitting diode using a nitride semiconductor is explained 
With reference to draWings (see, for example, Shuji Naka 
mura et al., “Superbright green InGaN single-quantum-Well 
structure light-emitting diodes”, Jpn. J. Appl. Phys. Vol. 34 
(1995) L.1332-L.1335). 
[0008] FIG. 14 shoWs the sectional structure of the ?rst 
conventional example of the light emitting diode using a 
nitride semiconductor. As shoWn in FIG. 14, the conven 
tional light emitting diode includes a sapphire substrate 101 
having a (0001) plane as a principal surface. On the principal 
surface of the sapphire substrate 101, a GaN buffer layer 102 
Which groWs at loW temperatures, an n-type GaN layer 103, 
an InGaN quantum Well active layer 104, a p-type cladding 
layer 105 made of p-type AlGaN and a p-type contact layer 
106 made of p-type GaN are formed in this order. A p-type 
electrode 107 is formed on the p-type contact layer 106 and 
an n-type electrode 108 is formed on a selectively exposed 
part of the n-type GaN layer 103. 
[0009] In the ?rst conventional example, the p-type clad 
ding layer 105 contains magnesium (Mg) as p-type dopants 
and heat treatment is carried out in nitrogen atmosphere to 
obtain a p-type semiconductor layer. 
[0010] As a second conventional example of a semicon 
ductor device using the nitride semiconductor, a blue-violet 
semiconductor laser device has already come into practical 
use. Commonly used blue-violet semiconductor laser 
devices have a ridge Waveguide structure as disclosed by 
Shuji Nakamura et al., “InGaN/GaN/AlGaN-based laser 
diodes With modulation-doped strained-layer superlattices 
groWn on an epitalixally laterally overgroWn GaN sub 
strate”, Appl. Phys. Lett. Vol. 72 (1998) pp. 211-213. In this 
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structure, a p-type semiconductor layer on an active layer is 
patterned into a convex stripe in order to narroW a current 
How and trap emitted light. The blue-violet semiconductor 
laser device is achieved by a relatively easy process. 
[0011] HoWever, the light emitting diode using the nitride 
semiconductor of the ?rst conventional example has limi 
tations in reducing the resistance of the p-type contact layer 
106 and the contact resistance betWeen the p-type contact 
layer 106 and the p-type electrode 107. Therefore, it is 
dif?cult to reduce the operating voltage to a further extent. 
Likewise, it is not easy to reduce the resistance of the p-type 
contact layer in the semiconductor laser device using the 
nitride semiconductor. Thus, dif?culty remains in improving 
characteristics, ef?ciency and reliability of the laser device. 
[0012] In the semiconductor laser device using the nitride 
semiconductor of the second conventional example, the 
ridge Waveguide structure having a convex section is pro 
vided by dry etching. Therefore, it is dif?cult to control the 
thickness of parts of the p-type semiconductor layer remain 
ing on the sides of the ridge. This leads to variations in 
threshold current in the semiconductor laser device and 
variations in angle of light emission. 
[0013] Moreover, since the p-type semiconductor layer is 
made of a nitride semiconductor Which is not suitable for 
easily producing a loW resistance p-type semiconductor 
layer, the series resistance of the p-type semiconductor layer 
is increased. Further, electrooptic characteristics and reli 
ability of the laser device may possibly deteriorate due to 
damage caused by the dry etching for forming the ridge. 
Thus, the semiconductor laser device of the second conven 
tional example has limitations in improving yield and reduc 
ing the operating voltage. 

SUMMARY OF THE INVENTION 

[0014] In order to solve the above-described conventional 
problems, the present invention makes it possible to reduce 
the resistance of the p-type contact layer and produce a 
semiconductor laser device having a current con?ning struc 
ture Without patterning the p-type semiconductor layer into 
ridge shape. 
[0015] In order to achieve the above-described object, the 
present invention provides a nitride semiconductor device 
by selectively groWing a second nitride semiconductor layer 
on the side surfaces of a convex portion of a ?rst nitride 
semiconductor layer. 
[0016] To be more speci?c, the nitride semiconductor 
device of the present invention includes: a substrate having 
a principal surface; a ?rst nitride semiconductor layer 
formed on the principal surface of the substrate and includes 
one or more convex portions Whose side surfaces are vertical 
to the principal surface; and a second nitride semiconductor 
layer selectively groWn on the side surfaces of the one or 
more convex portions of the ?rst nitride semiconductor 
layer. 
[0017] In the nitride semiconductor device of the present 
invention, the second nitride semiconductor layer is selec 
tively groWn on the side surfaces of the one or more convex 
portions using an organic nitride material. As described later, 
the thus-formed second nitride semiconductor layer 
improves the activation rate of p-type dopants and reduces 
the resistance thereof. 
[0018] If the conventionally used current con?ning struc 
ture provided on a p-type semiconductor layer formed on an 
active layer is replaced With the ?rst nitride semiconductor 
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layer of the present invention having the one or more convex 
portions and n-type conductivity, the need of patterning the 
p-type semiconductor layer into ridge shape is eliminated. 
As a result, a large region of the p-type semiconductor layer 
is surely kept for current injection. This makes it possible to 
reduce the series resistance and the operating voltage of the 
device to a notable degree. 
[0019] As to the nitride semiconductor device of the 
present invention, it is preferable that the side surfaces of the 
one or more convex portions are provided by forming 
protrusions and depressions in at least a top portion of the 
?rst nitride semiconductor layer, the ?rst and second nitride 
semiconductor layers have a p-type conductivity and the 
second nitride semiconductor layer has a higher p-type 
carrier concentration than the ?rst nitride semiconductor 
layer. 
[0020] This con?guration makes it possible to reduce the 
resistance of the p-type second nitride semiconductor layer. 
[0021] As to the nitride semiconductor device of the 
present invention, it is preferable that the side surfaces of the 
one or more convex portions are provided by forming 
protrusions and depressions in at least a top portion of the 
?rst nitride semiconductor layer, the ?rst and second nitride 
semiconductor layers have a p-type conductivity and the 
second nitride semiconductor layer has a loWer residual 
hydrogen concentration than the ?rst nitride semiconductor 
layer. 
[0022] Since the hydrogen concentration Which may inac 
tivate the p-type dopants in the second nitride semiconductor 
layer is loW, the resistance of the p-type second nitride 
semiconductor layer is reduced. 
[0023] As to the nitride semiconductor device of the 
present invention, it is preferable that the side surfaces of the 
one or more convex portions are provided by forming 
protrusions and depressions in at least a top portion of the 
?rst nitride semiconductor layer, the ?rst and second nitride 
semiconductor layers have a p-type conductivity and the 
composition of the ?rst nitride semiconductor layer is 
AlxGal_ N (Wherein Oéxé 1) and the composition of the 
second nitride semiconductor layer is AlXGaHNyPZAsl 
(Wherein Oéx, y, 221 and 0<y+Z<1). 
[0024] With this con?guration, a localiZed band occurs in 
the second nitride semiconductor layer by the effect of 
phosphorus (P) or arsenic (As). Therefore, the resistance of 
the p-type second nitride semiconductor layer is further 
reduced. 
[0025] As to the nitride semiconductor device of the 
present invention, it is preferable that the side surfaces of the 
one or more convex portions are provided by forming 
protrusions and depressions in at least a top portion of the 
?rst nitride semiconductor layer, the ?rst and second nitride 
semiconductor layers have a p-type conductivity and the 
second nitride semiconductor layer has a higher refractive 
index than the ?rst nitride semiconductor layer. 
[0026] When the protrusions and depressions are formed 
in at least a top portion of the ?rst nitride semiconductor 
layer, it is preferable that the nitride semiconductor device 
further includes: an electrode formed on the second nitride 
semiconductor layer in contact With the second nitride 
semiconductor layer, Wherein the second nitride semicon 
ductor layer is formed to bury the protrusions and depres 
sions. 
[0027] In this case, it is preferable that the protrusions and 
depressions provide a photonic crystal structure. 
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[0028] The photonic crystal structure With a high refrac 
tive index has the function of trapping light and the emitted 
light is taken out With improved ef?ciency. Therefore, the 
characteristics of the device are improved. 
[0029] In this case, it is preferable that the ?rst and second 
nitride semiconductor layers are con?gured to form a ridge 
stripe extending in a certain direction. 
[0030] In this case, it is preferable that the protrusions and 
depressions extend in a direction vertical to the certain 
direction and are arranged periodically along the certain 
direction. 
[0031] With the thus-con?gured ?rst and second nitride 
semiconductor layers, a distributed feedback laser device is 
achieved With a diffraction grating provided by the protru 
sions and depressions having different refractive indices. 
[0032] As to the nitride semiconductor device of the 
present invention, it is preferable that the side surfaces of the 
one or more convex portions of the ?rst nitride semicon 

ductor layer have a (000-1), (11-20) or (1-100) plane ori 
entation. In this speci?cation, the minus sign “—” added to 
the Miller index represents the inversion of the Miller index 
folloWing the minus sign for convenience sake. 
[0033] After various elaborate studies, the inventors of the 
present invention have found that, if an organic nitride 
material is used as a nitrogen source for the nitride semi 
conductor layer instead of ammonia, the nitride semicon 
ductor layer hardly groWs on a (0001) plane, While it groWs 
on a (000-1), (11-20) or (1-100) plane. Therefore, if the side 
surfaces of the one or more convex portions of the ?rst 
nitride semiconductor layer have a (000-1), (11-20) or 
(1-100) plane orientation, the second nitride semiconductor 
layer surely groWs on the side surfaces of the convex 
portions. 
[0034] As to the nitride semiconductor device of the 
present invention, it is preferable that the ?rst nitride semi 
conductor layer has a ?rst conductivity type and includes a 
ridge stripe extending in a certain direction, the second 
nitride semiconductor layer is an overhanging semiconduc 
tor layer Which is groWn on the side surfaces of the ridge 
stripe of the ?rst nitride semiconductor layer in a direction 
parallel to the principal surface of the substrate and the 
nitride semiconductor device further includes a third nitride 
semiconductor layer formed to cover the top surfaces of the 
ridge stripe and the overhanging semiconductor layer and 
includes an active layer. 
[0035] With this con?guration, the current is more likely 
to How through the ?rst nitride semiconductor layer than 
through the overhanging semiconductor layer. Therefore, 
the overhanging semiconductor layer, Which is the second 
nitride semiconductor layer groWn on the side surfaces of 
the one or more convex portions of the ?rst nitride semi 
conductor layer, functions as a current con?ning structure. 
Further, as there is no need of etching the ?rst nitride 
semiconductor layer, the top surface of the ?rst nitride 
semiconductor layer is ?at at an atomic layer level. As a 
result, an active layer is formed on the ?rst nitride semi 
conductor layer With excellent crystallinity, thereby improv 
ing the light emitting e?iciency of the device. Further, since 
the current con?ning structure by the overhanging semicon 
ductor layer is formed beloW the third nitride semiconductor 
layer, there is no need of patterning or processing the third 
nitride semiconductor layer including the active layer. This 
eliminates damage to the active layer, thereby reducing the 
electric resistance and operating voltage of the device. 
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[0036] Since the convex portion of the ?rst nitride semi 
conductor layer is in the form of a ridge stripe, the over 
hanging semiconductor layer is forrned on the side surfaces 
of the ridge stripe of the ?rst nitride semiconductor layer. 
Therefore, the operating current is injected uniformly and 
effectively in the direction of extension of the ridge stripe, 
thereby improving the light emitting e?iciency of the device. 
[0037] In this case, it is preferable that the overhanging 
semiconductor layer is insulative or has a second conduc 
tivity type. 
[0038] With this con?guration, a high e?iciency current 
con?ning structure is achieved beloW the active layer. This 
improves the light emitting e?iciency to a further extent. 
[0039] If the ?rst nitride semiconductor layer has the ridge 
stripe, it is preferable that part of the overhanging semicon 
ductor layer has a larger band gap than the ?rst nitride 
semiconductor layer. 
[0040] With this con?guration, a high e?iciency current 
con?ning structure is achieved beloW the active layer. This 
improves the light emitting e?iciency to a further extent. 
[0041] In this case, it is preferable that the composition of 
the overhanging semiconductor layer is varied periodically 
in a direction aWay from the side surfaces of the ridge stripe 
of the ?rst nitride semiconductor layer. 
[0042] With this con?guration, the band structure of the 
overhanging semiconductor layer is also varied periodically 
in an electron energy level. This makes it di?icult for the 
carriers to enter the overhanging semiconductor layer. As a 
result, the overhanging semiconductor layer functions as the 
current con?ning structure, thereby improving the light 
emitting e?iciency of the device. 
[0043] In this case, it is preferable that the composition of 
the overhanging nitride semiconductor layer is varied con 
tinuously in a direction aWay from the side surfaces of the 
ridge stripe of the ?rst nitride semiconductor layer such that 
the band gap of the overhanging semiconductor layer is 
continuously increased. 
[0044] With this con?guration, in part of the overhanging 
semiconductor layer at a larger distance from the ?rst nitride 
semiconductor layer through Which the current ?oWs, the 
band gap of the overhanging semiconductor layer becomes 
larger and the refractive index thereof becomes loWer. 
Therefore, the overhanging semiconductor layer functions 
as not only the current con?ning structure but also a dis 
tributed refractive index type Waveguide. As a result, the 
overhanging semiconductor layer improves not only the 
characteristics by the carrier trapping effect of the current 
con?ning structure but also the light con?ning e?iciency. 
[0045] In this case, it is preferable that a gap is formed 
betWeen parts of the ?rst nitride semiconductor layer on the 
sides of the ridge stripe and the overhanging semiconductor 
layer. 
[0046] With this con?guration, parts of the ?rst nitride 
semiconductor layer on the sides of the ridge stripe and the 
overhanging semiconductor layer are completely spatially 
isolated from each other. This improves the e?iciency of the 
current con?ning function of the overhanging semiconduc 
tor layer. Further, With the gap formed betWeen the ?rst 
nitride semiconductor layer and the overhanging semicon 
ductor layer, parasitic capacitance of the overhanging semi 
conductor layer on the device is also reduced, thereby 
improving high frequency characteristic of the device. 
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[0047] In this case, it is preferable that the top surface of 
the ridge stripe of the ?rst nitride semiconductor layer has a 
(0001) plane orientation. 
[0048] With this con?guration, the side surfaces of the 
convex portion of the ?rst nitride semiconductor layer are at 
least one ofa (1-100) plane and a (11-20) plane. In this case, 
a high quality second nitride semiconductor layer is selec 
tively epitaxially groWn on the side surfaces of the convex 
portion in a direction parallel to the principal surface of the 
substrate by organic metal chemical vapor deposition using 
an organic nitride material as a nitrogen source. This makes 
it possible to achieve a current con?ning structure by the 
overhanging semiconductor layer beloW the third nitride 
semiconductor layer including the active layer With ease and 
reliability. As a result, the manufacturing process is simpli 
?ed, the manufacturing cost is reduced and the device 
characteristics are improved at the same time. 

[0049] In this case, it is preferable that the top surface of 
the ridge stripe of the ?rst nitride semiconductor layer has 
periodic protrusions and depressions. 
[0050] With this con?guration, periodic modulation of 
refractive index distribution is caused by the periodic pro 
trusions and depressions provided in the top surface of the 
ridge stripe. Therefore, light emitted from the active layer 
and having a particular Wavelength is re?ected intensely 
under the Bragg condition. As a result, laser oscillation 
having a single Wavelength is achieved Without additional 
complicated processes. 
[0051] In this case, it is preferable that the Width of the 
ridge stripe of the ?rst nitride semiconductor layer is varied 
continuously along the certain direction. 
[0052] With this con?guration, the shape of the Waveguide 
is designed With increased ?exibility in response to the angle 
of light emission or required optical output. For example, a 
high optical output With a small angle of light emission is 
easily achieved by reducing the Width of the output end of 
the ridge stripe, While the other part is made Wide. Thus, in 
addition to the high e?iciency operation of the device and 
the reduction in resistance, the design ?exibility of the laser 
device is also improved. 
[0053] In this case, it is preferable that the Width of the 
ridge stripe of the ?rst nitride semiconductor layer is varied 
periodically along the certain direction. 
[0054] With this con?guration, periodical modulation of 
an equivalent refractive index of the Waveguide is caused by 
the periodic change in Width of the ridge. This brings about 
intense Bragg re?ection of light of a particular single 
Wavelength. As a result, a semiconductor laser device With 
excellent monochromaticity is obtained. 
[0055] In this case, it is preferable that part of the ?rst 
nitride semiconductor layer and the other part of the ?rst 
nitride semiconductor layer aligned along the direction 
vertical to the principal surface of the substrate have com 
positions di?ferent from each other. 
[0056] With this con?guration, a distributed refractive 
index type structure is achieved by providing a multiquan 
tum barrier made by a short-period superlattice structure in 
at least part of the ?rst nitride semiconductor layer or by 
continuously changing the composition of the ?rst nitride 
semiconductor layer in the direction vertical to the principal 
surface of the substrate. This structure makes it possible to 
further improve the current injection e?iciency together With 
the current con?ning structure. 
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[0057] In this case, it is preferable that the side surfaces of 
the ridge stripe of the ?rst nitride semiconductor layer have 
at least a single plane orientation. 
[0058] With this con?guration, during the selective 
groWth of the overhanging semiconductor layer as the 
second nitride semiconductor layer on the side surfaces of 
the convex portion (ridge stripe) formed in the ?rst nitride 
semiconductor layer, the crystal groWth is achieved only on 
a certain crystal plane of the side surfaces of the convex 
portion. 
[0059] As a result, the gap betWeen the overhanging 
semiconductor layer and the parts of the ?rst nitride semi 
conductor layer on the sides of the convex portion may be 
enlarged. Therefore, an ef?cient current con?ning structure 
is achieved With an improvement in high frequency charac 
teristic by the signi?cant reduction in parasitic capacitance. 
[0060] In this case, it is preferable that the top surface of 
the ridge stripe of the ?rst nitride semiconductor layer is 
loWer than the top surface of the overhanging semiconductor 
layer. 
[0061] With this con?guration, part of the active layer 
included in the third nitride semiconductor layer on the ?rst 
nitride semiconductor layer is provided loWer than part of 
the active layer on the overhanging nitride semiconductor 
layer. This improves the current con?ning effect of the 
overhanging semiconductor layer to a further extent, thereby 
improving the light emitting ef?ciency of the device. 
[0062] In this case, it is preferable that part of the active 
layer located above the ridge stripe has a longer adsorption 
edge Wavelength than part of the active layer located above 
the overhanging semiconductor layer. 
[0063] With this con?guration, part of the active layer 
above the ?rst nitride semiconductor layer shoWs the loWest 
potential energy. Therefore, current that ?oWs transversely, 
even if the current con?ning structure is provided, is effec 
tively collected. 
[0064] Further, since part of the active layer above the 
overhanging semiconductor layer has a light emitting Wave 
length shifted to the shorter side, the refractive index and the 
optical absorption of the part are reduced. Thus, the light 
emitting ef?ciency of the device is improved. 
[0065] In this case, it is preferable that the overhanging 
semiconductor layer has a loWer residual hydrogen concen 
tration than the ?rst nitride semiconductor layer. 
[0066] With this con?guration, acceptors in the overhang 
ing semiconductor layer are less likely to bind With residual 
hydrogen, thereby increasing the activation rate of the p-type 
conductivity. Further, this eliminates the step of annealing 
for activating the acceptors after the selective groWth of the 
overhanging semiconductor layer on the side surfaces of the 
convex portion of the ?rst nitride semiconductor layer. 
[0067] As to the nitride semiconductor device of the 
present invention, it is preferable that the second nitride 
semiconductor layer is formed using an organic nitride 
material as a nitrogen source. 

[0068] In this case, it is preferable that the organic nitride 
material contains asymmetric dimethylhydraZine or asym 
metric dibutylhydraZine as a main ingredient. 
[0069] A ?rst method for manufacturing a nitride semi 
conductor device according to the present invention includes 
the steps of: forming a ?rst nitride semiconductor layer on 
a substrate; forming one or more convex portions in at least 
a top portion of the ?rst nitride semiconductor layer; and 
selectively groWing a second nitride semiconductor layer on 
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the side surfaces of the one or more convex portions of the 
nitride semiconductor layer using an organic nitride material 
as a nitrogen source after the step of forming the one or more 
convex portions. 
[0070] According to the ?rst manufacturing method, the 
organic nitride material is used as the nitrogen source such 
that the second nitride semiconductor layer is selectively 
groWn on the side surfaces of the one or more convex 

portions of the ?rst nitride semiconductor layer. Thus, the 
second nitride semiconductor layer is provided With excel 
lent crystallinity. 
[0071] As to the ?rst manufacturing method, it is prefer 
able that the side surfaces of the one or more convex 
portions of the ?rst nitride semiconductor layer have a 
(000-1), (11-20) or (1-100) plane orientation. 
[0072] With this con?guration, the second nitride semi 
conductor layer is selectively groWn on the side surfaces of 
the ?rst nitride semiconductor layer. 
[0073] A second method for manufacturing a nitride semi 
conductor layer includes the steps of: forming on a substrate 
a ?rst nitride semiconductor layer Whose principal surface 
has a (000-1), (11-20) or (1-100) plane orientation and 
groWing a second nitride semiconductor layer on the ?rst 
nitride semiconductor layer using an organic nitride material 
as a nitrogen source after the step of forming the ?rst nitride 
semiconductor layer. 
[0074] According to the second manufacturing method, 
the organic nitride material is used as the nitrogen source 
such that the second nitride semiconductor layer is selec 
tively groWn on the side surfaces of the one or more convex 
portions of the ?rst nitride semiconductor layer. Thus, the 
second nitride semiconductor layer is provided With excel 
lent crystallinity. 
[0075] As to the ?rst or second manufacturing method, it 
is preferable that the ?rst and second nitride semiconductor 
layers have a p-type conductivity and 
[0076] at least one of phosphorus and arsenic is added to 
the second nitride semiconductor layer in the step of forming 
the second nitride semiconductor layer. 
[0077] With this con?guration, the second nitride semi 
conductor layer having a localiZed band is formed by crystal 
groWth. 
[0078] In this case, it is preferable that an organic phos 
phorus material is used as a phosphorus source and an 
organic arsenic material is used as an arsenic source in the 
step of forming the second nitride semiconductor layer. 
[0079] With this con?guration, the second nitride semi 
conductor layer contains phosphorus or arsenic, thereby 
improving the crystallinity. 
[0080] As to the ?rst or second manufacturing method, it 
is preferable that the organic nitride material is asymmetric 
dimethylhydraZine or asymmetric dibutylhydraZine. 
[0081] With this con?guration, the nitride semiconductor 
crystal is obtained With excellent crystallinity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0082] FIG. 1 is an oblique vieW illustrating a light emit 
ting diode as a nitride semiconductor device of a ?rst 
embodiment of the present invention. 
[0083] FIGS. 2A to 2D are sectional vieWs illustrating the 
steps of a method for manufacturing the nitride semicon 
ductor device of the ?rst embodiment of the present inven 
tion. 
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[0084] FIG. 3 is an enlarged sectional vieW partially 
illustrating ?rst and second p-type contact layers of FIG. 2B 
during the manufacture of the nitride semiconductor device 
of the ?rst embodiment of the present invention. 
[0085] FIG. 4 is an oblique vieW illustrating a nitride 
semiconductor device of a second embodiment of the 
present invention. 
[0086] FIG. 5 is an oblique vieW illustrating a semicon 
ductor laser device as a nitride semiconductor device of a 
third embodiment of the present invention. 
[0087] FIGS. 6A to 6D are sectional vieWs illustrating the 
steps of a method for manufacturing the nitride semicon 
ductor device of the third embodiment of the present inven 
tion and FIGS. 6E and 6E are oblique vieWs illustrating the 
steps of the method for manufacturing the nitride semicon 
ductor device of the third embodiment of the present inven 
tion. 
[0088] FIG. 7 is a sectional vieW illustrating a semicon 
ductor laser device as a nitride semiconductor device of a 
fourth embodiment of the present invention. 
[0089] FIGS. 8A to 8D are sectional vieWs illustrating the 
steps of a method for manufacturing the nitride semicon 
ductor device of the fourth embodiment of the present 
invention. 
[0090] FIG. 9 is a sectional vieW illustrating one of the 
steps of a method for manufacturing a ?rst modi?cation of 
the nitride semiconductor device of the fourth embodiment 
of the present invention. 
[0091] FIGS. 10A to 10C are oblique vieWs illustrating the 
steps of a method for manufacturing a second modi?cation 
of the nitride semiconductor device of the fourth embodi 
ment of the present invention. FIG. 10D is a sectional vieW 
taken along the line Xd-Xd of FIG. 10C. 
[0092] FIG. 11 is an oblique vieW illustrating one of the 
steps of a method for manufacturing a third modi?cation of 
the nitride semiconductor device of the fourth embodiment 
of the present invention. 
[0093] FIG. 12 is an oblique vieW illustrating one of the 
steps of a method for manufacturing a fourth modi?cation of 
the nitride semiconductor device of the fourth embodiment 
of the present invention. 
[0094] FIG. 13 is a sectional vieW illustrating a ?fth 
modi?cation of the nitride semiconductor device of the 
fourth embodiment of the present invention. 
[0095] FIG. 14 is a sectional vieW a ?rst conventional 
example of a light emitting diode using a nitride semicon 
ductor. 

DETAILED DESCRIPTION OF THE 
INVENTION 

First Embodiment 

[0096] Hereinafter, explanation of a ?rst embodiment of 
the present invention is provided With reference to the 
draWings. 
[0097] FIG. 1 shoWs a light emitting diode using a nitride 
semiconductor as a ?rst embodiment of the present inven 
tion. 
[0098] As shoWn in FIG. 1, on a principal surface of an 
n-type semiconductor 1 made of n-type gallium nitride 
(GaN) and having a (0001) plane direction, a 3 um thick 
n-type gallium nitride (GaN) layer 2, a 100 nm thick n-type 
cladding layer 3 made of n-type aluminum gallium nitride 
(AlGaN), a multiple quantum Well (MQW) active layer 4 
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made of indium gallium nitride (InGaN), a 500 nm thick 
p-type cladding layer 5 made of p-type aluminum gallium 
nitride (AlGaN) and a 100 nm thick p-type contact layer 15 
are formed in this order. 
[0099] The p-type contact layer 15 includes a plurality of 
?rst p-type contact layers 6 made of p-type gallium nitride 
(GaN) and patterned into column shape, respectively, and a 
second p-type contact layer 7 Which is selectively groWn on 
the side surfaces of the ?rst p-type contact layers 6 and made 
of p-type aluminum gallium nitride phosphide in Which 
phosphorus (P) is added to the group V element (AlGaNP). 
[0100] As a nitrogen source for the second p-type contact 
layer 7, an organic nitride material is used in place of 
generally used ammonia (NH3). Examples of the organic 
nitride material include asymmetric dimethylhydraZine 
((CH3)2NNH2:DMHy) and asymmetric dibutylhydraZine 
((C4H9)2NNH2ZDBHY) 
[0101] A p-type electrode 8 is formed on the p-type 
contact layer 15. The p-type electrode 8 is a transparent 
electrode made of ITO (indium tin oxide) or a stack of nickel 
(Ni) and gold (Au). Further, an n-type electrode 9 made of 
a stack of titanium (Ti) and aluminum (Al) is formed on the 
surface of the n-type substrate 1 opposite the n-type GaN 
layer 2. 
[0102] NoW, a method for manufacturing the thus-con?g 
ured light emitting diode is described With reference to the 
draWings. 
[0103] FIGS. 2A to 2D are sectional vieWs illustrating the 
steps of the method for manufacturing the light emitting 
diode of the ?rst embodiment of the present invention. 
[0104] In the ?rst embodiment, the crystal groWth of a 
group III nitride semiconductor is carried out by metal 
organic chemical vapor deposition (MOCVD) using trim 
ethyl gallium (TMG) as a gallium source, trimethyl alumi 
num (TMA) as an aluminum source, trimethyl indium (TMI) 
as an indium source and ammonia (NH3) as a group V 

element source (nitrogen source). Silane (SiH4) containing 
silicon (Si) is used as an n-type dopant material and cyclo 
pentadienyl magnesium (CPZMg) containing magnesium 
(Mg) is used as a p-type dopant material. 
[0105] First, as shoWn in FIG. 2A, on a principal surface 
of an n-type GaN substrate 1 having a (0001) plane orien 
tation, an n-type GaN layer 2, an n-type cladding layer 3 
made of n-type AlGaN, an MQW active layer 4 made of 
InGaN, a p-type cladding layer 5 made of p-type AlGaN and 
a ?rst p-type contact layer 6 made of p-type GaN are formed 
in this order by MOCVD. 
[0106] The n-type GaN substrate 1 used herein has a 
(0001) plane as the principal surface. HoWever, the present 
invention is not limited thereto. For example, a sapphire 
substrate having a (0001) plane as a principal surface may be 
used. If the sapphire substrate is used as the n-type substrate 
1, a GaN buffer layer may be formed on the n-type substrate 
1 at a loW temperature of about 500° C. In place of the loW 
temperature groWn buffer layer, a relatively thick buffer 
layer may be formed using aluminum nitride (AIN) Which is 
groWn at a high temperature of l,000° C. or higher. 
[0107] Optical guide layers made of GaN may be formed 
to sandWich the MQW active layer 4. Further, an AlGaN 
layer having an Al composition of 10% or more may be 
formed betWeen the MQW active layer 4 and the p-type 
cladding layer 5 in order to improve the temperature char 
acteristic of the light emitting diode. With this con?guration, 
electrons injected into the MQW active layer 4 from the 
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n-type semiconductor layer are prevented from over?owing 
to the p-type semiconductor layer. 
[0108] Then, as shoWn in FIG. 2B, the ?rst p-type contact 
layer 6 is patterned into plurality of columns by lithography 
and dry etching, thereby providing protrusions and depres 
sions on the p-type cladding layer 5. During this time a top 
portion of the p-type cladding layer 5 may be etched 
together. The dry etching is carried out by inductively 
coupled plasma etching using, for example, chlorine (C12) 
gas. 
[0109] Then, as shoWn in FIG. 2C, a second p-type contact 
layer 7 made of p-type AlGaNP is selectively groWn on the 
side surfaces of the columns of the ?rst p-type contact layer 
6 in the direction parallel to the principal surface of the 
n-type substrate 1 by MOCVD according to the present 
invention. 
[0110] For the crystal groWth of the second p-type contact 
layer 7, it may be desirable to use TMA as an aluminum 
(group III element) source, TMG as a gallium source, 
phosphine (PH3) as a phosphorus (group V element) source 
and asymmetric dimethylhydraZine (DMHy) as a nitrogen 
source. CP2Mg may preferably be used as a p-type impurity 
material. 
[0111] The inventors of the present invention have con 
?rmed that the decomposition temperature of phosphine is 
loWer than that of ammonia in the conventional MOCVD 
using ammonia as a nitrogen source, and therefore the 
phosphorus (P) composition in the AlGaNP crystal becomes 
larger than the designed value. To be more speci?c, it is 
dif?cult to accurately control the P composition in the 
AlGaNP crystal by the conventional MOCVD. For this 
reason, the degree of lattice mismatch With GaN or AlGaN 
becomes high and the AlGaNP crystal With excellent crys 
tallinity cannot be obtained. 
[0112] Under these circumstances, the inventors of the 
present invention have found that With use of asymmetric 
DMHy as the nitrogen source, AlGaNP is obtained in Which 
the P composition is several % and an AlGaNP layer is 
provided Without crystal defect caused by the lattice mis 
match. 
[0113] According to the experimental results by the inven 
tors of the present invention, it has also been con?rmed that 
the crystal groWth using asymmetric DMHy as the nitrogen 
source proceeds at a much sloWer rate on the (0001) plane 
than on a (11-20), (1-100) or (000-1) plane as shoWn in an 
enlarged sectional vieW of FIG. 3. That is, AlGaNP is hardly 
groWn on the (0001) plane. 
[0114] Thus, in the ?rst embodiment, the second p-type 
contact layer 7 made of p-type AlGaNP is formed selectively 
in the depressions formed in the ?rst p-type contact layer 6, 
i.e., on the side surfaces of the columns of the ?rst p-type 
contact layer 6. 
[0115] If ammonia is used as the nitrogen source accord 
ing to the conventional manner, hydrogen atoms derived 
from hydrogen (H2) gas generated by thermal decomposi 
tion of ammonia are bonded With Mg dopants, thereby 
reducing the activation rate of the Mg dopants serving as 
acceptors. For example, the concentration of carriers in 
p-type GaN has been about 1><10l8 cm'3 at the maximum. 
HoWever, if asymmetric DMHy is used as the nitrogen 
source, the nitride semiconductor layer is groWn at a loWer 
temperature as compared With the case Where ammonium is 
used. As a result, the Mg dopants are prevented from 
re-evaporating, thereby increasing the concentration of the 
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Mg dopants in the crystal. In other Words, if asymmetric 
DMHy is used as the nitrogen source, hydrogen gas is not 
generated during the groWth of the nitrogen semiconductor 
layer, thereby eliminating the chance of the hydrogen atoms 
bonding to the Mg dopants. This improves the activation rate 
of the Mg dopants improves and alloWs providing the p-type 
semiconductor layer With reduced resistance and increased 
carrier concentration. 

[0116] In the ?rst embodiment, as shoWn in FIG. 3, the 
second p-type contact layer 7 is selectively formed to bury 
the gaps betWeen the columns of the ?rst p-type contact 
layer 6. HoWever, the second p-type contact layer 7 may be 
formed to cover the top surfaces of the columns of the ?rst 
p-type contact layer 6. 

[0117] Then, as shoWn in FIG. 2D, a p-type electrode 8 is 
formed on the ?rst and second p-type contact layers 6 and 7 
and an n-type electrode 9 is formed on the surface of the 
n-type substrate 1 opposite the n-type GaN layer 2. Thus, a 
light emitting diode capable of emitting blue or ultraviolet 
light is fabricated. 

[0118] According to the ?rst embodiment, the second 
p-type contact layer 7 made of p-AlGaNP has excellent 
crystallinity and increased carrier concentration. Therefore, 
as compared With a conventional nitride semiconductor light 
emitting diode, this con?guration makes it possible to 
reduce the resistance at a contact With the p-type electrode 
8 and the series resistance With a p-type semiconductor layer 
such as the p-type cladding layer 5. As a result, the operating 
voltage is further reduced. 

[0119] In the ?rst embodiment, the second p-type contact 
layer 7 is made of AlGaNP. HoWever, AlGaNAs may be 
used as long as a smaller band gap and resistance than those 
of GaN are given to the resulting p-type contact layer 15. In 
this case, arsine (AsH3) is used as a group V element source 
instead of phosphine. 
[0120] The group V element material for P or As may be 
an organic group V element material such as tertiary 
butylphosphine (TBP) or tertiary methylarsine (TMAs) 
instead of hydrides such as phosphine or arsine. In this case, 
the composition of P or As is controlled precisely. Further, 
as compared With the hydrides, the organic group V element 
material alloWs the crystal groWth at a loWer temperature, 
thereby preventing the deterioration of light emitting effi 
ciency due to dispersion of Mg dopants. Moreover, if 
aluminum nitride phosphide (AINP) is used for the second 
p-type contact layer 7 in place of AlGaNP or AlGaNAs, 
localiZed band is created by P in the Wide band gap to reduce 
the resistance of the p-type contact layer 15 to a further 
extent. 

[0121] In the ?rst embodiment, as shoWn in FIG. 1, the 
p-type second contact layer 7 is formed to bury the gaps 
betWeen the columns of the ?rst p-type contact layer 6. Since 
AlGaNP used as the second p-type contact layer 7 has a 
smaller band gap than that of GaN, it shoWs a higher 
refractive index than that of GaN. Therefore, if the columns 
of the ?rst p-type contact layer 6 are arranged periodically 
at ?ne intervals on the p-type cladding layer 5, light emitted 
from the MQW active layer 4 is more likely to be trapped in 
the second p-type contact layer 7. That is, a so-called 
photonic structure is obtained. Thus, the light emitted from 
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the MQW active layer 4 is taken out more easily, thereby 
improving the light emitting ef?ciency of the light emitting 
diode. 

Second Embodiment 

[0122] Hereinafter, explanation of a second embodiment 
of the present invention is provided With reference to the 
draWing. 
[0123] FIG. 4 shoWs a light emitting diode using a nitride 
semiconductor of the second embodiment of the present 
invention. In FIG. 4, the same components as those shoWn 
in FIG. 1 are indicated by the same reference numerals to 
omit overlapping explanation. 
[0124] As shoWn in FIG. 4, on a principal surface of an 
n-type GaN semiconductor 21 having a (1-100) plane ori 
entation, an n-type GaN layer 2, an n-type cladding layer 3 
made of n-type AlGaN, an MQW active layer 4 made of 
InGaN, a p-type cladding layer 5 made of p-type AlGaN and 
a p-type contact layer 15 made of p-type AlGaNP or p-type 
GaN are formed in this order. 

[0125] In the second embodiment, the p-type contact layer 
15 made of p-type AlGaNP or p-type GaN is formed on a top 
surface of the p-type cladding layer 5 having a (1 -100) plane 
orientation by MOCVD using asymmetric DMHy as a 
nitrogen source. 
[0126] With this con?guration, the p-type contact layer 15 
is provided With reduced residual hydrogen concentration 
and increased carrier concentration. 

Third Embodiment 

[0127] Hereinafter, explanation of a third embodiment of 
the present invention is provided With reference to the 
draWings. 
[0128] FIG. 5 shoWs a semiconductor laser device using a 
nitride semiconductor of the third embodiment of the present 
invention. 
[0129] As shoWn in FIG. 5, on a principal surface of an 
n-type GaN semiconductor 1 having a (0001) plane orien 
tation, a 3 pm thick n-type GaN layer 2, a 100 nm thick 
n-type cladding layer 3 made of n-type AlGaN, a 30 nm 
thick n-type optical guide layer 10 made of n-type GaN, an 
MQW active layer 4 made of InGaN, a 30 nm thick p-type 
optical guide layer 11 made of p-type GaN, a 1 pm thick 
p-type cladding layer 5 made of p-type AlGaN and a 100 nm 
thick p-type contact layer 15 are formed in this order. 
[0130] The p-type contact layer 15 and a top portion of the 
p-type cladding layer 5 are formed into a ridge stripe 16 
extending in a certain direction. The p-type contact layer 15 
includes a plurality of ?rst p-type GaN contact layers 6 in the 
form of strips extending in a direction vertical to the certain 
direction, respectively, and spaced from each other and a 
second p-type contact layer 7 selectively groWn on the side 
surfaces of the ?rst p-type contact layers 6 opposing each 
other and made of p-type AlGaNP in Which phosphorus (P) 
is added to the group V element. 

[0131] Also in this embodiment, an organic nitride mate 
rial such as asymmetric dimethylhydraZine (DMHy) or 
asymmetric dibutylhydraZine (DBHy) is used as a nitrogen 
source for the second p-type contact layer 7 instead of 
generally used ammonia. 
[0132] In FIG. 5, a p-type electrode formed on the p-type 
contact layer 15 and an n-type electrode formed on the 
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surface of the n-type substrate 1 opposite the n-type GaN 
layer 2 are omitted for easy illustration. 
[0133] Hereinafter, a method for manufacturing the semi 
conductor laser device of the third embodiment of the 
present invention is explained With reference to the draW 
1ngs. 
[0134] FIGS. 6A to 6F are sectional vieWs illustrating the 
steps of the method for manufacturing the semiconductor 
laser device of the third embodiment of the present inven 
tion. 
[0135] In the third embodiment, just like in the ?rst 
embodiment, the crystal groWth of a group III nitride semi 
conductor is carried out by MOCVD using TMG as a 
gallium source, TMA as an aluminum source, TMI as an 
indium source and NH3 as a nitrogen source. SiH4 and 
CPZMg are used as n- and p-type dopants, respectively. 
[0136] First, as shoWn in FIG. 6A, on a principal surface 
of an n-type GaN substrate 1 having a (0001) plane orien 
tation, an n-type GaN layer 2, an n-type cladding layer 3 
made of n-type AlGaN, an n-type optical guide layer 10 
made of n-type GaN, an MQW active layer 4 made of 
InGaN, a p-type optical guide layer 11 made of p-type GaN, 
a p-type cladding layer 5 made of p-type AlGaN and a ?rst 
p-type contact layer 6 made of p-type GaN are formed in this 
order. 
[0137] The n-type GaN substrate 1 used herein has a 
(0001) plane as the principal surface. HoWever, the present 
invention is not limited thereto. For example, a sapphire 
substrate having a (0001) plane as a principal surface may be 
used. If the sapphire substrate is used as the n-type substrate 
1, a GaN buffer layer may be formed on the n-type substrate 
1 at a loW temperature and the n-type GaN layer 2 and the 
other semiconductor layers may be formed thereon. Further, 
so-called ELO (epitaxial lateral overgroWth) may be 
employed, i.e., a silicon oxide (SiO2) mask patterned into 
stripes is formed on the sapphire substrate and then the 
semiconductor layers are formed thereon, such that crystal 
defect density in the semiconductor layers is reduced. 
[0138] In the third embodiment, the n- and p-type optical 
guide layers 10 and 11 are formed to sandWich the MQW 
active layer 4 to improve the effect of trapping light emitted 
from the MQW active layer 4 in the direction vertical to the 
n-type substrate 1. Further, an AlGaN layer having an Al 
composition of 15% or more may be formed betWeen the 
MQW active layer 4 and the p-type cladding layer 5 such 
that electrons injected into the MQW active layer 4 from the 
n-type semiconductor layer are prevented from over?owing 
to the p-type semiconductor layer. 
[0139] Then, as shoWn in FIG. 6B, the ?rst p-type contact 
layer 6 and a top portion of the p-type cladding layer 5 are 
shaped into a plurality of strips by lithography and induc 
tively coupled plasma dry etching using chlorine gas. Thus, 
protrusions and depressions are provided on the p-type 
cladding layer 5. The shape of the ?rst p-type contact layer 
6 and the top portion of the p-type cladding layer 5 are not 
limited to the strips and they may be patterned into columns 
as described in the ?rst embodiment. 

[0140] Then, as shoWn in FIG. 6C, a second p-type contact 
layer 7 made of p-type AlGaNP is selectively groWn on the 
opposing side surfaces of the strips of the ?rst p-type contact 
layer 6 in the direction parallel to the principal surface of the 
n-type substrate 1 by MOCVD according to the present 
invention. For the crystal groWth of the second p-type 
contact layer 7, in the same manner as in the ?rst embodi 
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ment, it may be desirable to use PH3 as a phosphorus (group 
V element) source and asymmetric DMHy as a nitrogen 
source. CP2Mg may preferably be used as a p-type impurity 
material. 
[0141] As described above, With use of asymmetric 
DMHy as a group V element source (nitrogen source), 
AlGaNP With several % P composition is obtained. This 
makes it possible to form the second p-type contact layer 7 
by crystal groWth Without crystal defect caused by the lattice 
mismatch. 
[0142] The crystal groWth using asymmetric DMHy as the 
nitrogen source proceeds at a much sloWer rate on the (0001) 
crystal plane than on a (11-20), (1-100) or (000-1) plane. 
Therefore, the second p-type contact layer 7 made of p-type 
AlGaNP is formed only on the side surfaces of the plurality 
of ?rst p-type contact layers 6. 
[0143] The decomposition temperature of asymmetric 
DMHy is loWer than that of NH3. Therefore, the Mg dopants 
are prevented from re-evaporating from the groWth surface 
of the second p-type contact layer 7. This makes it possible 
to increase the concentration of the Mg dopants in the 
second p-type contact layer 7. Further, as hydrogen gas is 
not generated during the crystal groWth of the second p-type 
contact layer 7, hydrogen atoms are not bonded With the Mg 
dopants. This improves the activation rate of the Mg 
dopants, thereby providing the second p-type contact layer 
7 With loW resistance and high carrier concentration. As a 
result, the contact resistance With the p-type electrode is 
reduced and the operating voltage of the semiconductor laser 
device is also reduced. 
[0144] In the third embodiment, as shoWn in FIG. 5, the 
second p-type contact layer 7 is selectively formed to bury 
the gaps betWeen the strips of the ?rst p-type contact layer 
6. HoWever, the second p-type contact layer 7 may be 
formed to cover the top surfaces of the strips of the ?rst 
p-type contact layer 6. 
[0145] In the same manner as the second embodiment, if 
the p-type cladding layer 5 is formed to have a (11-20), 
(l-l00) or (000-1) plane as a crystal groWth surface (top 
surface), the p-type contact layer 15 made of p-type AlGaN 
or p-type AlGaNP may be formed directly on the p-type 
cladding layer 5. 
[0146] Then, as shoWn in FIGS. 6D and 6E, the p-type 
contact layer 15 and a top portion of the p-type cladding 
layer 5 are selectively shaped into a ridge stripe 16 by 
lithography and inductively coupled plasma dry etching. 
[0147] Then, as shoWn in FIG. 6F, a passivation ?lm 12 
made of silicon oxide (SiO2) is formed on the p-type 
cladding layer 5 to cover the ridge stripe 16. Speci?cally, the 
passivation ?lm 12 functions as a blocking layer for trapping 
light emitted transversely to the n-type substrate 1. Then, an 
opening is formed in the passivation ?lm 12 by lithography 
and dry etching to expose the top surface of the ridge stripe 
16 and a p-type electrode 8 made of palladium (Pd) is 
formed in the opening. Then, an n-type electrode 9 made of 
a stack of titanium (Ti) and aluminum (Al) is formed on the 
surface of the n-type substrate 1 opposite the n-type GaN 
layer 2 to complete the semiconductor laser device. The p 
and n-type electrodes 8 and 9 may be formed in the reverse 
order. 
[0148] The semiconductor laser device of the third 
embodiment is applicable to a light source having a light 
emitting Wavelength of 405 nm for next-generation high 
density optical discs. 
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[0149] The second p-type contact layer 7 has a higher 
refractive index than that of the ?rst p-type contact layer 6. 
Therefore, if recesses extending in a direction vertical to the 
direction of extension of the ridge stripe 16 are formed in the 
?rst p-type contact layer 6 in a periodic manner to give an 
optical Wavelength cycle, and the second p-type contact 
layer 7 is groWn to ?ll the recesses, the second p-type contact 
layer 7 functions as a diffraction grating. Thus, a so-called 
distributed feedback (DFB) semiconductor laser device is 
obtained. To be more speci?c, a semiconductor laser device 
With excellent Wavelength selectivity is achieved Without the 
need of realiZing a favorable facet. 
[0150] In this embodiment, the composition of the second 
p-type contact layer 7 is AlGaNP. HoWever, the composition 
may be AlGaAs as described in the ?rst embodiment. The 
group V element source used to add P and As may be an 
organic material such as TBP or TMAs in place of phosphine 
or arsine described above. 
[0151] With use of AINP as the second p-type contact 
layer 7 in place of AlGaNP or AlGaNAs, localiZed band may 
be created by P in the Wide band gap to reduce the resistance 
of the p-type contact layer 15 to a further extent. 
[0152] In the ?rst to third embodiments of the present 
invention, light emitting diodes and semiconductor laser 
devices are taken as examples of the semiconductor light 
emitting device using the nitride semiconductor. HoWever, 
the present invention is not limited to the semiconductor 
light emitting devices. For example, the present invention 
may be applicable to electronic devices such as transistors as 
long as a p-type nitride semiconductor layer is included. 
According to the present invention, the resistance of the 
contact layer made of the p-type nitride semiconductor layer 
and the contact resistance With the electrode are reduced 
effectively. 

Fourth Embodiment 

[0153] Hereinafter, explanation of a fourth embodiment of 
the present invention is provided With reference to the 
draWings. 
[0154] FIG. 7 shoWs a sectional structure of a semicon 
ductor laser device using a nitride semiconductor of the 
fourth embodiment of the present invention. 
[0155] As shoWn in FIG. 7, a semiconductor laser device 
of the fourth embodiment includes: an n-type substrate 31 
made of n-type GaN and having a (0001) plane as a principal 
surface; an n-type GaN buffer layer 32 formed on the 
principal surface of the n-type substrate 31 and provided 
With a ridge stripe 32a of l um high at the top thereof; an 
overhanging semiconductor layer 34 laterally groWn from 
the side surfaces of the ridge stripe 32a of the n-type buffer 
layer 32 and made of a nitride semiconductor to function as 
a current con?ning layer; a 30 nm thick n-type GaN layer 36 
formed on the top surface of the ridge stripe 32a and the top 
surface of the overhanging semiconductor layer 34; a quan 
tum Well active layer 37 made of InGaN and formed on the 
n-type GaN layer 36; and a 1 pm thick p-type GaN layer 38 
formed on the quantum Well active layer 37. 
[0156] Further, a p-type electrode 40 made of Pd is formed 
on the p-type GaN layer 38 and an n-type electrode 41 made 
of a stack of Ti and Al is formed on the surface of the n-type 
substrate 31 opposite the n-type buffer layer 32. 
[0157] A passivation ?lm 39 made of silicon oxide and 
capable of trapping light emitted from the quantum Well 
active layer 37 is formed to cover the side surfaces of the 
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p-type GaN layer 38, quantum Well active layer 37, n-type 
GaN layer 36 and overhanging semiconductor layer 34 and 
parts of the n-type bulfer layer 32 exposed on the sides of the 
ridge stripe 32a. 
[0158] Hereinafter, explanation of a method for manufac 
turing the thus-con?gured semiconductor laser device is 
provided With reference to the draWings. 
[0159] FIGS. 8A to 8D are sectional vieWs illustrating the 
steps of the method for manufacturing the semiconductor 
laser device of the fourth embodiment of the present inven 
tion. 

[0160] In the fourth embodiment, the crystal groWth of a 
group III nitride semiconductor is carried out by MOCVD 
using TMG as a gallium source, TMA as an aluminum 
source, TMI as an indium source and NH3 or asymmetric 
DMHy as a group III element source (nitrogen source). SiH4 
is used as an n-type dopant material and CPZMg is used as 
a p-type dopant material. 

[0161] First, as shoWn in FIG. 8A, a 3 um thick n-type 
bulfer layer 32 made of n-type GaN is formed on a principal 
surface of an n-type GaN substrate 31 having a (0001) plane 
orientation. Then, the n-type bulfer layer 32 is subjected to 
lithography and inductively coupled plasma dry etching 
using chlorine gas to form a ridge stripe 3211 having a convex 
section in a top portion of the n-type bulfer layer 32. The 
ridge stripe 32a is formed to extend in the depth direction of 
the ?gure. The side surfaces of the ridge stripe 32a have a 
plane orientation of (1-100) or (11-20) or a plane direction 
having an intermediate index betWeen them. The method for 
forming the ridge stripe 32a is not limited to dry etching. 
The effect of the present invention is exhibited even if other 
etching techniques such as Wet etching are used. 

[0162] If the n-type substrate 31 has excellent crystallinity 
and highly ?at principal surface and the n-type dopant 
concentration is appropriate, the ridge stripe 32a may be 
formed directly in the n-type GaN substrate 31. By so doing, 
the step of crystal groWth of the n-type bulfer layer 32 is 
omitted and the nitride semiconductor laser device is 
achieved at a loWer cost. 

[0163] In the fourth embodiment, the n-type bulfer layer 
32 has a uniform composition. HoWever, the effect of the 
present invention is exhibited even if the doping concentra 
tion or the composition is varied. In particular, if the n-type 
bulfer layer 32 has a short-period superlattice structure made 
of AlGaN and GaN layers, the current injection ef?ciency to 
a further extent because the over?oW of the carriers is 
restrained. This makes it possible to improve the light 
emitting ef?ciency of the semiconductor laser device. 
[0164] Then, as shoWn in FIG. 8B, an overhanging semi 
conductor layer 34 made of a nitride semiconductor and 
functions as a current blocking layer is selectively groWn on 
the side surfaces of the ridge stripe 32a of the n-type bulfer 
layer 32 by MOCVD using asymmetric DMHy as a nitrogen 
source. 

[0165] In general, in order to obtain a high quality active 
layer by crystal groWth, the interface With the underlying 
layer must be ?at at an atomic layer level. In particular, it is 
Well-knoWn that the groWth mechanism of the nitride semi 
conductor on the (0001) plane is greatly varied from that on 
the other planes. Therefore, it is preferable that the ?lm 
groWth occurs on a single plane. HoWever, by the conven 
tional crystal groWth method, the top surface of the nitride 
semiconductor layer Which is groWn in the lateral direction 

Jul. 26, 2007 

(parallel to the principal surface of the n-type substrate 1) 
does not have a (0001) plane orientation in the entire region. 

[0166] A drastic solution to this is the method of the 
present invention in Which the nitride semiconductor layer is 
selectively groWn on the side surfaces of the convex portion 
only. In the selective groWth of the present invention, an 
organic nitride material Which is thermally decomposed at a 
loW temperature, such as asymmetric DMHy, is used. With 
use of such organic nitride material, the crystal groWth 
occurs only on the side surfaces of the convex portion. 

[0167] Three important points of the selective groWth 
method of the present invention are as folloWs. 

[0168] (1) According to this method, the nitride semicon 
ductor layer does not groW on the surface having a (0001) 
plane orientation even if a mask is not used. Therefore, the 
nitride semiconductor layer does not groW on the top surface 
of the n-type bulfer layer 32, While it groWs on the side 
surfaces of the convex portion in the lateral direction. 
Further, as the laterally groWn overhanging semiconductor 
layer 34 does not groW in the direction vertical to the 
principal surface of the n-type substrate 1, it groWs hori 
Zontally Without exceeding the top surface of the n-type 
bulfer layer 32. 
[0169] (2) According to this method, the nitride semicon 
ductor layer does not groW on the surface having a (0001) 
plane orientation. Therefore, even if the (0001)-oriented 
surface has irregularity, the nitride semiconductor layer 
groWs to bury the irregularity. As a result, the (0001) 
oriented surface is made ?at at an atomic layer level. 

[0170] (3) Since parts of the n-type bulfer layer 32 on the 
sides of the ridge stripe 3211 also have a (0001) plane 
orientation, the nitride semiconductor never groWs on these 
parts, as not on the top surface. Therefore, depending on the 
groWth conditions, a gap may be formed in a self-organized 
manner betWeen the overhanging semiconductor layer 34 
and these parts of the n-type bulfer layer 32 on the sides of 
the ridge stripe 32a. 
[0171] According to the above-described three features, an 
interface 35 formed by the top surface of the ridge stripe 32a 
and the top surface of the overhanging semiconductor layer 
34 is made ?at at the atomic layer level. Further, the 
overhanging semiconductor layer 34 is selectively groWn 
from the side surfaces of the ridge stripe 32a in the lateral 
direction only. 
[0172] If the overhanging semiconductor layer 34 has a 
p-type conductivity, a depletion layer is formed betWeen the 
overhanging semiconductor layer 34 and the side surfaces of 
the ridge stripe 3211. Therefore, the How of injected current 
is narroWed With ef?ciency. In particular, if asymmetric 
DMHy is used as a nitrogen source to selectively groW the 
overhanging semiconductor layer 34, DMHy eliminates 
hydrogen from mixing into the nitrogen semiconductor 
crystal. This is because highly reactive methyl or amino 
group radicals are generated during the thermal decompo 
sition of DMHy and they are bonded preferentially With 
hydrogen to prevent the mixing of hydrogen into the crystal. 
Accordingly, as compared With the case Where ammonia is 
used as the nitrogen source, the residual hydrogen concen 
tration in the overhanging semiconductor layer 34 is sig 
ni?cantly reduced. Therefore, the concentration of holes is 
further increased and the current con?ning function is 
enhanced. This makes it possible to achieve a laser device 
With high light emitting e?iciency. Further, as the residual 
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hydrogen in the overhanging semiconductor layer 34 is 
reduced, there is no need of annealing the layer after the 
crystal groWth. 
[0173] If insulating material is used for the overhanging 
semiconductor layer 34, the injected current ?oWs mostly in 
the n-type bulfer layer 32. As the overhanging semiconduc 
tor layer 34 narroWs the injected current How, the light 
emitting ef?ciency of the semiconductor laser device is 
improved. Even if the overhanging semiconductor layer 34 
is made of material having a larger band gap than that of the 
n-type bulfer layer 32, the e?fect of the present invention is 
surely exhibited. Examples of the material having a larger 
band gap than that of the n-type bulfer layer 32 include 
AlGaN and lnAlGaN. If lnAlGaN is used, the obtained 
crystal is less distorted because the lattice constant of 
lnAlGaN is matched With that of GaN. If the material having 
a larger band gap used for the overhanging semiconductor 
layer 34 is an insulating material or a p-type semiconductor, 
the function of narroWing the current How is further 
improved, thereby enhancing the light emitting ef?ciency of 
the semiconductor laser device to a further extent. 

[0174] The side surfaces of the ridge stripe 32a include a 
surface vertical to the principal surface of the n-type sub 
strate 31 and an inclined surface. In such a case, the 
overhanging semiconductor layer 34 groWs faster on the 
surface vertical to the (0001)-oriented principal surface of 
the n-type substrate 31, e. g., a surface having a (l l -20) plane 
direction, While it groWs sloWly or does not groW on the 
inclined surface having an almost (0001) plane direction. 
Therefore, as shoWn in FIG. 8B, a gap is formed betWeen the 
bottom surface of the overhanging semiconductor layer 34 
and the n-type bulfer layer 32. Thus, as the overhanging 
semiconductor layer 34 is formed to protrude laterally from 
the side surfaces of the ridge stripe 32a, leakage current and 
parasitic capacitance are further reduced. 

[0175] Then, as shoWn in FIG. 8C, an n-type GaN layer 
36, a quantum Well active layer 37 made of lnGaN including 
a light con?ning layer and a p-type GaN layer 38 are formed 
in this order on the n-type bulfer layer 32 to cover the top 
surfaces of the ridge stripe 32a and the overhanging semi 
conductor layer 34 by MOCVD using ammonia as a nitro 
gen source. In this embodiment, the active layer has a 
quantum Well structure. HoWever, this is not obligatory and 
a bulk layer may also be used Without deteriorating the e?fect 
of the present invention. Even if the composition of the 
quantum Well active layer 37 is lnGaN added With Al, the 
e?fect of the present invention is surely exhibited. 
[0176] The method for crystal groWth of the n-type GaN 
layer 36, quantum Well active layer 37 and p-type GaN layer 
38 is not limited to MOCVD and molecular-beam epitaxy 
may also be used. 

[0177] If a crystal groWth apparatus for MOCVD capable 
of feeding DMHy and NH3 as a nitrogen source is used, 
there is no need of using a mask according to the selective 
groWth method of the present invention. Therefore, the 
selective groWth of the overhanging semiconductor layer 34 
and the folloWing crystal groWth of the n-type GaN layer 36 
and the like are performed continuously. This leads to 
further reduction in cost. 

[0178] If NH3 is used as the nitrogen source, the nitride 
semiconductor layer groWs not only on the underlayer 
having a (0001) plane orientation but also on the underlayers 
having other plane orientations. 
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[0179] Then, as shoWn in FIG. 8D, mesa etching is carried 
out for electrical isolation of the device by dry etching. To 
be more speci?c, parts of the p-type GaN layer 38, quantum 
Well active layer 37, n-type GaN layer 36, overhanging 
semiconductor layer 34 and n-type bulfer layer 32 on the 
sides of the ridge stripe 32a are etched aWay. Then, a 
passivation ?lm 39 for surface protection is formed to cover 
the top and side surfaces of the p-type GaN layer 38, the side 
surfaces of the quantum Well active layer 37, n-type GaN 
layer 36 and overhanging semiconductor layer 34 and the 
exposed parts of the n-type bu?°er layer 32. Further, part of 
the passivation ?lm 39 is removed selectively by lithography 
to expose the top surface of the p-type GaN layer 38 and a 
p-type electrode 40 is formed on the exposed part of the 
p-type GaN layer 38 by vacuum deposition. An n-type 
electrode 41 is then formed on the surface of the n-type 
substrate 31 opposite the n-type bulfer layer 32 by vacuum 
deposition. Thus, the semiconductor laser device is com 
pleted. The p- and n-type electrodes 40 and 41 may be 
formed in a reverse order. 

[0180] As described above, according to the fourth 
embodiment, the overhanging semiconductor layer 34 is 
formed beloW the quantum Well active layer 37 as a current 
con?ning layer. Therefore, current injection to the quantum 
Well active layer 37 is ef?ciently carried out, While the 
current injected from outside is prevented from dispersing in 
the lateral direction. 
[0181] According to the method of the fourth embodi 
ment, there is no need of etching the p-type GaN layer 38 
formed on the quantum Well active layer 37. Therefore, the 
p-type electrode 40 of relatively large area is formed on the 
p-type GaN layer 38 Which is never damaged. This makes it 
possible to signi?cantly reduce the series resistance of the 
device, thereby reducing poWer consumption and improving 
reliability of the device. 
[0182] According to the fourth embodiment, the n-type 
semiconductor layer is formed on one side of the quantum 
Well active layer 37 closer to the n-type substrate 31 and the 
p-type semiconductor layer is formed on the other side 
opposite the n-type substrate 31. HoWever, the p-type semi 
conductor layer may be formed on the side of the quantum 
Well active layer closer to the n-type substrate 31 and the 
n-type semiconductor layer may be formed on the other side 
opposite the n-type substrate 31. 
[0183] The overhanging semiconductor layer 34 may be 
selectively groWn such that the band gap continuously 
increases in a direction aWay from the ridge stripe 3211. By 
so doing, the refractive index distribution is continuously 
varied in the lateral direction. Therefore, a graded-index 
optical Waveguide is obtained. Thus, a Waveguide With 
ef?cient light con?ning function is achieved. 
[0184] If the lattice constant of the overhanging semicon 
ductor layer 34 and that of the n-type bulfer layer 32 are 
different from each other and AlGaN is used for the over 
hanging semiconductor layer 34, the quantum Well active 
layer 37 is distorted by the underlying overhanging semi 
conductor layer 34, though the quantum Well active layer 37 
formed by crystal groWth on the interface 35 With the 
overhanging semiconductor layer 34 is consisted of the same 
material in the in-plane direction. The distortion causes 
modulation in a band structure of the quantum Well active 
layer 37. Therefore, in a region above the overhanging 
semiconductor layer 34 groWn on the side surfaces of the 
ridge stripe 3211, the Wavelength of light emitted from the 










