
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||||||||||||||||||||||| 
US 20050151153A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0151153 A1 

Kamikawa et al. (43) Pub. Date: Jul. 14, 2005 

(54) NITRIDE SEMICONDUCTOR LASER Publication Classi?cation 
DEVICE AND METHOD FOR FABRICATION 
THEREOF (51) Int. C1.7 ................................................... .. H01L 29/22 

(52) US. Cl. ............................................................ ..257/103 
(75) Inventors: Takeshi Kamikawa, Mihara-shi (JP); 

Yoshika Kaneko, Funabashi-shi (JP) (57) ABSTRACT 

In a nitride semiconductor light-emitting device, and accord 
ing to a method for fabricating it, a loW-defect region having 
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NITRIDE SEMICONDUCTOR LASER DEVICE 
AND METHOD FOR FABRICATION THEREOF 

[0001] This nonprovisional application claims priority 
under 35 U.S.C. § 119(a) on Patent Application No. 2004 
000328 ?led in Japan on Jan. 5, 2004, 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 laser device, and to a method for fabricating a nitride 
semiconductor laser device. More particularly, the present 
invention relates to a nitride semiconductor laser device that 
uses as the substrate thereof a nitride semiconductor. 

[0004] 2. Description of Related Art 

[0005] One feature of nitride semiconductors, for example 
GaN, AlGaN, GaInN, and AlGaInN, is that they have higher 
band gap energies than AlGaInAs-based and AlGaInP-based 
semiconductors. Another feature of such nitride semicon 
ductors is that they are direct-transition semiconductor mate 
rials. 

[0006] Having these features, nitride semiconductors have 
recently been receiving much attention as materials for 
building semiconductor light-emitting devices, such as 
semiconductor lasers that emit light in a short-Wavelength 
region ranging from ultraviolet (blue) to green and light 
emitting diodes that emit light in a Wide Wavelength range 
covering from ultraviolet (blue) to red. With this trend, 
various applications of nitride semiconductors have been 
researched and developed in the ?elds of high-density 
optical disks, full-color displays, environmental and medical 
equipment, and many other ?elds. 

[0007] Nitride semiconductors have also been arousing 
expectations as materials for building high-output high 
frequency electronic devices that can operate at high tem 
peratures. Moreover, nitride semiconductors have higher 
thermal conductivity than GaAs-based or other semiconduc 
tors, and are thus expected to ?nd applications in devices 
that operate at high temperatures and at high outputs. 
Furthermore, nitride semiconductors do not require materi 
als comparable With arsenic used in AlGaAs-based 
semiconductors or cadmium (Cd) used in ZnCdSSe-based 
semiconductors, or materials from Which such materials are 
obtained, such as arsine Thus, nitride semiconduc 
tors are also expected as compound semiconductor materials 
that are environment-friendly. 

[0008] HoWever, conventionally, the fabrication of nitride 
semiconductors suffers from extremely loW yields, meaning 
that, relative to the total number of nitride semiconductor 
laser devices fabricated on a single Wafer, the number of 
usable ones is very small. One reason for loW yields is the 
development of cracks in the nitride semiconductor groWth 
layer. Cracks may develop both from faults in the substrate 
and from faults in the nitride semiconductor groWth layer 
laid on top of the substrate. 

[0009] Theoretically, it is desirable that a nitride semicon 
ductor groWth layer, such as one formed from GaN, be 
groWn and formed on a GaN substrate. To date, hoWever, 
there has been developed no high-quality GaN single crystal 
substrate of Which the lattice matches With that of GaN. For 
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this reason, as substrates of Which the lattice constant differs 
comparatively little from that of GaN, SiC substrates are 
occasionally used instead. 

[0010] HoWever, SiC substrates are expensive, are difficult 
to form in large diameters, and are liable to produce tensile 
strains, With the result that they are more liable to develop 
cracks. In addition, any material for the substrate of a nitride 
semiconductor is required to Withstand a groWth temperature 
as high as about 1,000° C. and be resistant to discoloration 
and corrosion in the atmosphere of ammonia gas, Which is 
the material for GaN. 

[0011] For the reasons discussed above, it is sapphire 
substrates that are typically used as substrates on top of 
Which to lay a nitride semiconductor groWth layer. HoWever, 
a sapphire substrate exhibits comparatively severe lattice 
mismatch (about 13%). To overcome this, on top of a 
sapphire substrate, a buffer layer formed from GaN, AlN, or 
the like is formed by loW-temperature groWth, and then, on 
top of the buffer layer, a nitride semiconductor groWth layer 
is groWn. Even this cannot completely eliminate strains, 
With the result that cracks still develop depending on the 
composition and ?lm thickness of the groWth layer and other 
conditions. 

[0012] To overcome this, according to one conventionally 
proposed method for fabricating a nitride semiconductor 
device using a GaN substrate, a nitride semiconductor laser 
device is produced by using a GaN substrate that has 
previously been so processed as to minimiZe the effects of 
such regions thereon as exhibit poor crystallinity (Japanese 
Patent Application Laid-Open as No. 2003-124573 on Apr. 
25, 2003, hereinafter referred to as Patent Publication 1). 

[0013] HoWever, it is not only from faults in the substrate 
that cracks develop. When a nitride semiconductor laser 
device is produced, a nitride semiconductor groWth layer is 
laid on top of a substrate. Here, the nitride semiconductor 
groWth layer is composed of different kinds of ?lm, such as 
GaN, AlGaN, InGaN, etc. Since these individual ?lms of 
Which the nitride semiconductor groWth layer is composed 
have different lattice constants, lattice mismatch arises, 
resulting in the development of cracks. 

[0014] To overcome this, according to another conven 
tionally proposed method, after the groWth of a nitride 
semiconductor groWth layer, depressions are formed on the 
surface thereof, Without the surface being made ?at. This 
helps reduce cracks (Japanese Patent Application Laid-Open 
as No. 2002-246698 on Aug. 30, 2002, hereinafter referred 
to as Patent Publication 2). 

[0015] By this method, it is possible to reduce both cracks 
that develop from faults in the substrate and cracks that 
develop from lattice mismatch betWeen the individual ?lms 
of Which the nitride semiconductor groWth layer formed on 
top of the substrate is composed. 

[0016] In a case Where, as described above, a nitride 
semiconductor laser device is produced by using a previ 
ously processed substrate, the nitride semiconductor groWth 
layer thereof is structured as shoWn in FIG. 7. 

[0017] Speci?cally, on top of the etched surface of an 
n-type GaN substrate 60 (see FIGS. 6A and 6B), a nitride 
semiconductor groWth layer 11 is formed as described 
beloW. 
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[0018] For example, on top of the n-type GaN substrate 
60, the following layers are laid on top of one another in the 
order named: a 2.0 pm thick n-type GaN layer 70; a 1.5 pm 
thick n-type AlO_062Ga0_938N ?rst clad layer 71; a 0.2 pm 
thick n-type AlO_1Ga0_9N second clad layer 72; a 0.1 pm 
thick n-type AlO_062GaO_938N third clad layer 73; a 0.1 pm 
thick n-type GaN guide layer 74; a multiple quantum Well 
active layer 75 composed of three pairs of a 4 nm thick 
InGaN layer and a 8 nm thick GaN layer laid on top of one 
another; a 20 nm thick p-type AlO_3Ga0_7N evaporation 
prevention layer 76; a 0.08 pm thick p-type GaN guide layer 
77; a 0.5 pm thick p-type AlO_062GaO_938N clad layer 78; and 
a 0.1 pm thick p-type GaN contact layer 79. 

[0019] In this Way, by laying the nitride semiconductor 
groWth layer 11 on the previously processed n-type GaN 
substrate 60 by MOCVD (metal organic chemical vapor 
deposition), a nitride semiconductor Wafer having depres 
sions on the surface of the semiconductor groWth layer 11 as 
shoWn in FIGS. 6A and 6B is produced. 

[0020] In crystallography, it is customary to add an over 
score to the absolute value of the indeX indicating a plane or 
orientation of a crystal if the indeX is negative. HoWever, in 
the present speci?cation, since such notation is impossible, 
a negative indeX Will be indicated by placing the minus sign 
“—” in front of the absolute value thereof. 

[0021] In the present speci?cation, some terms are used in 
speci?c senses. A “trough” denotes a depressed portion 
formed in the shape of a stripe on the surface of a previously 
processed substrate as shoWn in FIGS. 6A and 6B. A 
“ridge” denotes an elevated portion formed likeWise in the 
shape of a stripe. 

[0022] A “previously processed substrate” denotes a sub 
strate produced by forming troughs and ridges on the surface 
of a nitride semiconductor substrate or on the surface of a 
nitride semiconductor groWth layer laid on top of the surface 
of a nitride semiconductor substrate. 

[0023] In the n-type GaN substrate 60 shoWn in FIGS. 6A 
and 6B, stripe-shaped troughs are formed in the [1-100] 
direction by a dry etching technique such as RIE (reactive 
ion etching). These troughs are 5 pm Wide, are 3 pm deep, 
and are formed With a period of 400 pm betWeen adjacent 
troughs. On top of the so etched n-type GaN substrate 60, the 
nitride semiconductor groWth layer 11, having a multiple 
layer structure as shoWn in FIG. 7, is formed by a groWth 
method such as MOCVD. 

[0024] HoWever, producing a nitride semiconductor laser 
device by the technique disclosed in Patent Publication 2 
mentioned above, speci?cally by using a previously pro 
cessed GaN substrate and epitaXially groWing a nitride 
semiconductor groWth layer on top of the substrate by 
MOCVD or the like, has been con?rmed to contribute 
indeed to the reduction of cracks but not to a satisfactory 
improvement in yields. 

[0025] This is because the depressions left on the nitride 
semiconductor groWth layer degrade the ?atness of the ?lms 
of Which it is composed. With degraded ?atness, the indi 
vidual layers have thicknesses varying from one place to 
another Within the nitride semiconductor groWth layer. This 
causes the characteristics (such as FFP (far-?eld pattern), 
threshold current, and slope) of the produced nitride semi 
conductor laser devices vary from one device to another. 
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This reduces the number of devices of Which the character 
istics fall Within the desired ranges. Thus, to improve yields, 
it is necessary not only to reduce the development of cracks 
but also to improve the ?atness of the individual ?lms. 

[0026] FIG. 8 shoWs the ?atness, as actually measured in 
the [1-100] direction, of the surface of a nitride semicon 
ductor Wafer formed as shoWn in FIGS. 6A, 6B, and 7. The 
measurements Were taken under the folloWing conditions: 
measurement length=600 pm; measurement duration=3 s; 
probe needle pressure=30 mg; and horiZontal resolution=1 
pm per sample. The graph in FIG. 8 shoWs that, Within the 
600 pm Wide region in Which the measurements Were taken, 
the level difference betWeen the highest and loWest points 
Was 200 nm. 

[0027] This variation in ?atness results from the fact that, 
as shoWn in FIG. 6B, the ?lm thicknesses of the individual 
layers of the nitride semiconductor groWth layer 11 laid on 
top of the surface of the n-type GaN substrate 60 vary from 
one place to another Within the Wafer. 

[0028] Consequently, the characteristic of nitride semi 
conductor laser devices greatly vary according to Where on 
the surface of a Wafer they are produced. Moreover, the 
thickness of the Mg-doped p-type layer (i.e., the sum of the 
layer thicknesses from the p-type GaN guide layer 77 
through the p-type GaN contact layer 79), Which thickness 
greatly affects the characteristic of nitride semiconductor 
laser devices, greatly varies according to Where on the 
surface of the substrate it is formed. 

[0029] In the process of forming a ridge structure as a 
current-narroWing structure, Whereas ridges are left in the 
shape of 2 pm Wide stripes, the rest is etched off by a dry 
etching technique using an ICP (inducting coupled plasma) 
machine. 

[0030] Thus, if the thickness of the p-type layer before 
etching varies from one place to another Within the Wafer 
surface, the ?lm thickness of the p-type layer that remains 
after etching, Which thickness most greatly affects the char 
acteristics of nitride semiconductor laser devices, accord 
ingly varies greatly from one place to another Within the 
Wafer surface. 

[0031] Because of the factors discussed above, the layer 
thickness varies among individual nitride semiconductor 
laser devices. In addition, even Within a single nitride 
semiconductor laser device, While the thickness of the 
remaining p-type layer is almost Zero at some places, it is 
considerably great at other places. This variation in the 
thickness of the remaining p-type layer greatly affects the 
characteristics, including the life, of nitride semiconductor 
laser devices. 

[0032] Next, using a light interference microscope, the 
thickness of the p-type layer before a ridge structure Was 
formed by etching Was measured. Here, With the design 
value of the thickness set at 0.700 pm, 20 measurements 
Were taken respectively at different places Within the Wafer 
surface, and the mean deviation 0 of those measurements 
Were calculated. The mean deviation 0 indicates the varia 
tion of the ?lm thickness among the 20 measurements 
thereof. The greater the mean deviation 0, the greater the 
variation of the various characteristic, such as FFP (far-?eld 
pattern), threshold current, and slope efficiency, of nitride 
semiconductor laser devices. 
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[0033] The mean deviation 0 of the thickness of the p-type 
layer formed on the Wafer produced by growing the nitride 
semiconductor groWth layer 11 on top of the conventional 
n-type GaN substrate 60 as shoWn in FIGS. 6A and 6B Was 
0.07. To satisfactorily reduce the variation of the character 
istics of nitride semiconductor laser devices, the mean 
deviation 0 needs to be reduced to 0.01 or loWer. The mean 
deviation 0 of the thickness of the p-type layer formed on 
the Wafer produced by growing the nitride semiconductor 
groWth layer 11 shoWn in FIGS. 6A and 6B, hoWever, does 
not meet this requirement. Incidentally, the mean deviation 
is calculated by adding together the differences of the 
individual values of the 20 measurements of the layer 
thickness from the mean value of the 20 measurements and 
then dividing the result by 20. 

[0034] This large variation in layer thickness Within the 
Wafer surface is considered to result from the fact that, When 
the ?lms are epitaXially groWn in the ridge portions of the 
previously processed substrate, their groWth speed is 
affected by the troughs, resulting in uneven groWth. 

[0035] Speci?cally, as shoWn in FIG. 9A, on the n-type 
GaN substrate 60 having troughs formed thereon, as epi 
taXial groWth progresses, a top groWth portion 90, a side 
groWth portion 91, and a bottom groWth portion 92 groW in 
an uncarved region 93, in the side face 94 of a carved region, 
and in the bottom face 95 of the carved region, respectively. 

[0036] When a semiconductor thin ?lm is groWn in this 
Way, the side groWth portion 91, indicated With hatching in 
FIG. 9A, greatly affects the ?atness of the top groWth 
portion 90. As shoWn in FIG. 9A, let the ?lm thickness of 
the side groWth portion 91 be X. 

[0037] It has been con?rmed that, as the groWth of the 
semiconductor thin ?lm in the side groWth portion 91 
progresses as shoWn in FIG. 9B, the groWth speed of the 
semiconductor thin ?lm in the top groWth portion 90 is 
affected to vary. 

[0038] Speci?cally, the larger the ?lm thickness X of the 
side groWth portion 91, the loWer the groWth speed of the 
semiconductor thin ?lm on the top groWth portion 90, and 
thus the smaller the ?lm thickness on the top groWth portion 
90. By contrast, the smaller the ?lm thickness X of the side 
groWth portion 91, the higher the groWth speed of the 
semiconductor thin ?lm on the top groWth portion 90, and 
thus the greater the ?lm thickness on the top groWth portion 
90. Thus, the ?lm thickness of the semiconductor thin ?lm 
on the surface of the top groWth portion 90 varies greatly 
according to the ?lm thickness X of the side groWth portion 
91. 

[0039] The ?lm thickness X of the side groWth portion 91 
varies from one place to another in the [1-100] direction 
because of the variation of the off angle Within the surface, 
unevenness in the substrate itself such as the variation of the 
curvature thereof Within the surface, unevenness of the 
epitaXial groWth speed Within the substrate surface, uneven 
ness of the carving process Within the substrate surface, and 
other factors. As a result, as discussed above, the ?atness, 
Within the Wafer surface, of the semiconductor thin ?lm laid 
on the surface of the top groWth portion 90 is degraded. 

[0040] Moreover, the greater the ?lm thickness X of the 
side groWth portion 91, the greater the variation, Within the 
substrate surface, of the ?lm thickness X of the side groWth 
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portion 91, and thus the more the ?atness Within the Wafer 
surface is degraded. Thus, to obtain good ?atness, the ?lm 
thickness X of the top groWth portion 90 needs to be 
reduced. 

[0041] Moreover, the semiconductor thin ?lm in the side 
groWth portion 91 not only epitaXially groWs directly on the 
side face, but its groWth is also promoted by “creep-up 
groWth,” Whereby the semiconductor thin ?lm groWn in the 
bottom groWth portion 92 creeps up to the side groWth 
portion 91. 

[0042] FIG. 10 is a conceptual diagram illustrating hoW 
creep-up groWth occurs from the bottom groWth portion 92 
of the carved region to the side groWth portion 91. This 
creep-up groWth further increases the ?lm thickness X of the 
side groWth portion 91 (see FIGS. 9A and 9B), and thereby 
affects the ?atness Within the Wafer surface. 

SUMMARY OF THE INVENTION 

[0043] The present invention has been devised to solve the 
conventionally encountered problems discussed above. It is, 
therefore, an object of the present invention to prevent 
cracks that develop in a nitride semiconductor groWth layer 
When it is laid on top of a nitride semiconductor substrate to 
produce a nitride semiconductor laser device. It is another 
object of the present invention to provide a nitride semicon 
ductor laser device Wherein a nitride semiconductor groWth 
layer is formed With good surface ?atness as a result of a 
reduced ?lm thickness in a side groWth portion achieved by 
reducing creep-up groWth from a bottom groWth portion of 
a carved region. It is still another object of the present 
invention to provide a method for fabricating such a nitride 
semiconductor laser device. 

[0044] To achieve the above objects, according to the 
present invention, a nitride semiconductor light-emitting 
device is provided With: a nitride semiconductor substrate of 
Which at least part of the surface is formed from a nitride 
semiconductor; and a nitride ?lm semiconductor groWth 
layer laid on the surface of the nitride semiconductor sub 
strate. Here, a loW-defect region having a defect density of 
10° cm'2 or less and a carved region in the shape of a 
depressed portion are formed on the surface of the nitride 
semiconductor substrate. Moreover, the etching angle 0, 
Which is the angle betWeen the side face portion of the 
depressed portion and an extension line of the bottom face 
portion thereof as measured With the depressed portion seen 
in a sectional vieW, is in the range of 75°20; 140°. 

[0045] In this structure, When the carved region in the 
shape of a depression is formed, by adjusting the etching 
angle of the sectional shape of the carved region Within the 
range from 75° to 140°, it is possible to give it an inverted 
tapered shape. In this Way, With the nitride semiconductor 
light-emitting device of the invention, it is possible to 
prevent the development of cracks in the nitride ?lm semi 
conductor groWth layer. Moreover, it is also possible to 
reduce the creep-up groWth from the bottom groWth portion 
of the carved region, and thereby to reduce the ?lm thickness 
of the side groWth portion. 

[0046] It is preferable that the etching angle 0 be 140° or 
less. The reason is that, With an etching angle 0 larger than 
140°, it is dif?cult to fabricate the nitride semiconductor 
light-emitting device. 
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[0047] As described above, according to the present 
invention, When a nitride semiconductor groWth layer is laid 
on top of a nitride semiconductor substrate to produce a 
nitride semiconductor laser device, a carved region in the 
shape of a depression is formed on the nitride semiconductor 
substrate. The etching angle in the sectional shape of the 
carved region is adjusted in the range from 75° to 140°, 
including the range in Which the etching angle forms an 
inverted tapered shape. 

[0048] With this structure, it is possible to prevent the 
development of cracks, and also to reduce the creep-up 
groWth from the bottom groWth portion of the carved region. 
Moreover, it is possible to reduce the ?lm thickness of the 
side groWth portion, and thus to form a nitride semiconduc 
tor groWth layer With good surface ?atness. As a result, it is 
possible to fabricate the nitride semiconductor laser device 
With a high yield. 

[0049] This and other objects and features of the present 
invention Will become clear from the folloWing description, 
taken in conjunction With the preferred embodiments With 
reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] FIG. 1A is a schematic sectional vieW of a nitride 
semiconductor laser device embodying the invention; 

[0051] FIG. 1B is a top vieW of FIG. 1A; 

[0052] FIG. 2 is a diagram illustrating the ?lm thickness 
X of the side groWth portion; 

[0053] FIG. 3A is a top vieW of FIG. 3B described beloW; 

[0054] FIG. 3B is a schematic sectional vieW of the GaN 
substrate before the nitride semiconductor layer is groWn in 
the embodiment of the invention; 

[0055] FIG. 4 is a diagram shoWing the correlation 
betWeen the etching angle 0 and the mean deviation of the 
p-type layer thickness; 

[0056] FIG. 5 is a diagram shoWing the correlation 
betWeen the layer thickness X of the side groWth portion and 
the mean deviation of the p-type layer thickness; 

[0057] FIG. 6A is a top vieW of FIG. 6B described beloW; 

[0058] FIG. 6B is a schematic sectional vieW of a Wafer 
having a nitride semiconductor groWth layer laid on top of 
a conventional n-type GaN substrate; 

[0059] FIG. 7 is a schematic sectional vieW of a nitride 
semiconductor groWth layer; 

[0060] FIG. 8 is a graph shoWing the level difference 
across the surface of a Wafer having a nitride semiconductor 
groWth layer laid on top of a conventional n-type GaN 
substrate; 

[0061] FIG. 9A is a diagram illustrating hoW a top groWth 
portion, a side groWth portion, and a bottom groWth portion 
groW in an uncarved region, in the side face portion of a 
carved region, and in the bottom face portion of the carved 
region, respectively; 

[0062] FIG. 9B is a diagram illustrating hoW, as the 
groWth of the semiconductor thin ?lm in the side groWth 
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portion progresses, the groWth speed of the semiconductor 
thin ?lm groWing in the top groWth portion is affected to 
vary; and 

[0063] FIG. 10 is a diagram illustrating the groWth mode 
of creep-up groWth. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0064] Hereinafter, embodiments of the present invention 
Will be described With reference to the accompanying draW 
ings. 

[0065] FIG. 1A is a schematic sectional vieW of a nitride 
semiconductor laser device embodying the invention, and 
FIG. 1B is a top vieW of FIG. 1A. FIG. 3B is a schematic 
sectional vieW of a GaN substrate before a nitride semicon 
ductor layer is groWn on top thereof in the embodiment of 
the invention, and FIG. 3A is a top vieW of FIG. 3B. In 
these diagrams, the surface orientations are also indicated. 

[0066] The nitride semiconductor laser device shoWn in 
FIGS. 1A and 1B is produced by laying or otherWise 
forming a nitride semiconductor groWth layer on top of the 
GaN substrate shoWn in FIGS. 3A and 3B. 

[0067] In the folloWing descriptions, a “nitride semicon 
ductor substrate” is formed from ALKGaYInZN (Where 
Oéxé 1, 0§y§1, 02221, and X+y+Z=1). So long as the 
nitride semiconductor substrate has a hexagonal crystal 
structure, about 10% or less of the nitrogen contained therein 
may be substituted With As, P, or Sb. Moreover, the nitride 
semiconductor substrate may be doped With Si, O, Cl, S, C, 
Ge, Zn, Cd, Mg, or Be. Particularly preferred doping mate 
rials for an n-type nitride semiconductor substrate are Si, O, 
and Cl. 

[0068] The orientation of the principal plane of the nitride 
semiconductor substrate may be aligned With any of a C 
plane {0001}, an Aplane {11-20}, an R plane {1-102}, an 
M plane {1-100}, and a {1-101} plane. So long as the 
principal plane of the substrate has an off angle less than 2° 
relative to the orientation of any of those crystal planes, 
good surface morphology is obtained. 

[0069] The nitride semiconductor laser device of the 
embodiment is produced by groWing a nitride semiconduc 
tor groWth layer 11 on top of an n-type GaN substrate 10 
having carved regions 16, in the shape of depressed portions, 
formed on the surface thereof. As shoWn in FIGS. 1A and 
1B, the carved regions 16 have a sectional shape such that 
the Width M of the opening of the carved regions 16 is 
smaller than the Width N of the bottom face of the carved 
regions 16 (i.e., the carved regions 16 have an inverted 
tapered sectional shape). 

[0070] Giving the carved regions 16 such a sectional shape 
helps reduce “creep-up groWth” from a bottom groWth 
portion 19, i.e., groWth that starts from the bottom face of the 
carved regions 16. Doing so also helps reduce the ?lm 
thickness X (see FIG. 2) of a side groWth portion 18, Which 
is formed by groWth starting from the side faces of the 
carved regions 16. Consequently, higher evenness is 
achieved in the ?lm thickness on a top groWth portion 17, 
Which is formed by groWth starting from “uncarved 
regions,” i.e., the surface of the n-type GaN substrate 10 
elseWhere than in the carved regions 16. 
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[0071] NoW, the de?nition of the ?lm thickness X of the 
side growth portion 18 Will be explained With reference to 
FIG. 2. As shoWn in FIG. 2, the ?lm thickness X of the side 
groWth portion 18 is de?ned as the distance from the end 
point A of an uncarved region to the point (the point B in 
FIG. 2) Where the line parallel to the substrate surface and 
including the end point A intersects With the epitaxially 
groWn ?lm. If the ?lm thickness X differs betWeen both ends 
of the carved region 16, the thicker value is taken as the ?lm 
thickness X. 

[0072] In this embodiment, a substrate in Which a nitride 
semiconductor including loW-defect regions is exposed at 
the surface thereof is used. It is, hoWever, also possible to 
use a substrate that is formed, except at the surface thereof, 
from sapphire, SiC, GaAs, Si, or ZnO so long as a nitride 
semiconductor groWth layer can be laid on top thereof. 

[0073] In connection With the nitride semiconductor laser 
device described above, ?rst, With reference to the relevant 
draWings, hoW the “n-type GaN substrate before the laying 
of the nitride semiconductor groWth layer on top thereof” is 
produced Will be described. 

[0074] First, on the entire surface of the n-type GaN 
substrate 10, a 1 pm thick layer of SiO2 or the like is 
deposited by sputtering. Subsequently, by a common pho 
tolithography process, photoresist is formed in the [1-100] 
direction in the shape of stripes With a Width (opening Width) 
of 80 pm and With a period of 400 pm betWeen adjacent 
stripes. Next, by RIE (respective ion etching), the SiO2 layer 
and the GaN substrate are etched to form carved regions 16 
With a carving depth Z of 6 pm. Thereafter, using HF 
(hydro?uoric acid) as an etchant, the SiO2 layer is removed. 

[0075] In this Way, the n-type GaN substrate 10 before the 
nitride semiconductor groWth layer is laid on the surface 
thereof as shoWn in FIGS. 3A and 3B is obtained. 

[0076] The etching method used to produce the n-type 
GaN substrate 10 before the laying of the nitride semicon 
ductor groWth layer on top thereof may be dry etching or Wet 
etching. 

[0077] When dry etching is used, after the SiO2 is etched, 
by performing Wet etching, the carved regions 16 are formed 
to have an inverted tapered shape With an etching angle 0 of 
90° or more. Here, as shoWn in FIGS. 3A and 3B, the 
etching angle 0 denotes the angle betWeen the side face of 
the carved regions 16 and an extension line of the bottom 
face thereof. 

[0078] The solution used in the Wet etching here may be 
a KOH (potassium hydroxide) solution, a mixed solution of 
NaOH (sodium hydroxide) and KOH, or the like. Heating 
the solution to 80° C. to 250° C. makes isotropic etching 
possible, permitting the carved regions 16 to be formed to 
have an inverted tapered shape. 

[0079] The n-type GaN substrate 10 used in this embodi 
ment includes loW-defect regions, Which have a defect 
density of about 10° cm'2 or less. The carved regions 16 may 
be formed after ?rst groWing a thin ?lm of GaN, InGaN, 
AlGaN, InAlGaN, or the like on top of the n-type GaN 
substrate 10 including the loW-defect regions. Moreover, in 
this embodiment, for example, the etching angle 0 may be 
100°. 
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[0080] Then, on top of the substrate processed as descried 
above (i.e., on top of the n-type GaN substrate 10 before the 
laying of the nitride semiconductor groWth layer on top 
thereof), by MOCVD or the like, a nitride semiconductor 
groWth layer as shoWn in FIG. 7 is epitaxially groWn to 
produce a nitride semiconductor laser device as shoWn in 
FIGS. 1A and 1B. 

[0081] In the nitride semiconductor laser device shoWn in 
FIGS. 1A and 1B, on top of an n-type GaN substrate 10 
produced as described above so as to have a carved region 
16 formed thereon, a nitride semiconductor groWth layer 11 
having a multiple-layer structure as shoWn in FIG. 7 is 
formed. Moreover, on the surface of the nitride semicon 
ductor groWth layer 11, a laser stripe 12 functioning as a 
laser light Waveguide (light-emitting portion) is formed, and 
in addition an SiO2 layer 13 for current narroWing is formed 
so as to sandWich the laser stripe 12 from both sides. 

[0082] Then, over the surfaces of the laser stripe (ridge 
stripe) 12 and the SiO2 layer 13, a p-type electrode 14 is 
formed. On the other hand, on the bottom surface of the 
n-type GaN substrate 10, an n-type electrode 15 is formed. 

[0083] In the nitride semiconductor groWth layer 11, the 
portion that is formed by groWth from the surface of the 
n-type GaN substrate 10 elseWhere than in the carved region 
16 is referred to as the top groWth portion 17. The portion 
formed by groWth from the side faces of the carved region 
16 is referred to as the side groWth portion 18. The portion 
formed by groWth from the bottom face of the carved region 
16 is referred to as the bottom groWth portion 19. 

[0084] It is preferable that the laser stripe 12 be formed 
above a loW-defect region included in the n-type GaN 
substrate 10. Moreover, for the reason stated later, it is 
preferable that the laser stripe 12 not be formed above the 
carved region 16. 

[0085] Using a light interference microscope, a Wafer 
produced by laying the nitride semiconductor groWth layer 
11 on top of the n-type GaN substrate 10 having the carved 
region 16 formed thereon so as to have an inverted tapered 
shape as shoWn in FIGS. 1A and 1B Was measured. Spe 
ci?cally, the thickness of the Mg-doped p-type layer Was 
measured using a light interference microscope. 

[0086] In this embodiment, the design thickness of the 
p-type layer is set at 0.700 pm. Using a light interference 
microscope, 20 measurements Were taken at different places 
Within the Wafer surface, and the mean deviation 0 of those 
measurements Were calculated. As a result, the mean devia 
tion (I of the thickness of the p-type layer of this Wafer Was 
found to be 0.003. 

[0087] It is believed that, to satisfactorily reduce the 
variation of the characteristics (such as FFP (far-?eld pat 
tern), threshold current, and slope) of nitride semiconductor 
laser devices, the mean deviation 0 needs to be reduced to 
0.01 or loWer. By this criterion, the mean deviation 0 of the 
thickness of the p-type layer of the Wafer in question can be 
said to be satisfactory, Well above the required level. 

[0088] For comparison, a nitride semiconductor laser 
device Was produced in Which the laser stripe 12 Was formed 
above the carved region 16 on the n-type GaN substrate 10 
having the nitride semiconductor groWth layer 11 laid on top 
thereof. Then, in the same manner as described above, 
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measurements Were taken of the thickness of the p-type 
layer of the nitride semiconductor laser device, and the mean 
deviation 0 of those measurements Were calculated. 

[0089] It Was then found that, in the nitride semiconductor 
laser device having the laser stripe 12 located above the 
carved region 16, the mean deviation 0 of the p-type layer 
Was 0.06, indicating a large variation. This variation in layer 
thickness results from forming the laser stripe 12 above the 
carved region 16. 

[0090] The side groWth portion 18 causes the semicon 
ductor thin ?lm to groW from the side faces of the carved 
region 16 in a direction approximately perpendicular to 
those faces. In addition, creep-up groWth from the bottom 
face of the carved region 16 occurs in the bottom groWth 
portion 19. As a result, as compared With the top groWth 
portion 17, the side and bottom groWth portions 18 and 19 
groW through a more complicated process, making it dif? 
cult to maintain the ?atness of the device surface. 

[0091] Thus, to reduce the variation of the thickness of the 
p-type layer, and to reduce the variation of the characteristics 
of the nitride semiconductor laser device, it is preferable that 
the laser stripe structure be formed in the top groWth portion 
17. 

[0092] A study Was also made of hoW the position Where 
the laser stripe 12 is formed affects the nitride semiconductor 
laser device. First, as shoWn in FIG. 1A, let the distance 
from the center line of the laser stripe 12 to the end of the 
carved region 16 be d. Then, the laser stripe 12 Was formed 
so that the distance d Was 20 pm or less. This resulted in 
large variations in the characteristics of the nitride semicon 
ductor laser device. This is because the thickness of the top 
groWth portion 17 at the end thereof adjoining the carved 
region 16 is larger than the thickness of the top groWth 
portion 17 at a central portion thereof, resulting in the 
formation of an abnormal groWth portion. 

[0093] Speci?cally, if the laser stripe 12 is formed so that 
the distance d is 20 pm or less, the abnormal groWth portion 
lies over a Width of about 20 pm from each end of the top 
groWth portion 17, resulting in large variations in the char 
acteristics of the nitride semiconductor laser device. 

[0094] Thus, it is preferable that the laser stripe 12 be 
formed in a region to Which the distance from the end of the 
top groWth portion 17 is 20 pm or more. For eXample, in this 
embodiment, the distance d is set at 40 pm. 

[0095] Forming the carved region 16 and then forming the 
laser stripe 12 elseWhere than above the carved region 16 as 
described above helps greatly reduce the variation of the 
characteristics of the nitride semiconductor laser device, and 
thus helps reduce the development of cracks in the nitride 
semiconductor layer. This leads to dramatically improved 
yields. 

[0096] FIG. 4 shoWs the relationship betWeen the etching 
angle 0 of the carved region 16 and the mean deviation 0 
that indicates the degree of variation of the thickness of the 
p-type layer before etching. Here, it is assumed that the layer 
thickness of the n-type GaN layer 70 (see FIG. 7) groWn on 
the surface of the n-type GaN substrate 10 is 2 pm. 

[0097] As described earlier, to reduce the variation of the 
characteristics of the nitride semiconductor laser device, the 
mean deviation 0 of the thickness of the p-type layer needs 
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to be 0.01 or less. The graph in FIG. 4 shoWs that, to meet 
the requirement that the mean deviation 0 be 0.01 or less, the 
etching angle 0 needs to be 80° or more. 

[0098] The graph in FIG. 4 covers a range of etching 
angles 0 up to 110°. In fact, the mean deviation 0 of the 
thickness of the p-type layer Was con?rmed to be 0.01 or less 
up to 140°. With an etching angle 0 greater than 140°, 
hoWever, it is dif?cult to produce the nitride semiconductor 
laser device. Hence, it is preferable that the etching angle 0 
be 80° or more but 140° or less. 

[0099] Incidentally, by varying the layer thickness of the 
n-type GaN layer 70 (see FIG. 7) groWn on the surface of 
the n-type GaN substrate 10, it is possible to vary the etching 
angle that reduces the creep-up groWth of the nitride semi 
conductor thin ?lm. On the other hand, GaN is more prone 
to creep-up groWth than AlGaN. This is because, as com 
pared With AlGaN or the like, GaN is more prone to 
migration and thus to lateral groWth. 

[0100] That is, the greater the layer thickness of the n-type 
GaN layer 70 groWn on the surface of the n-type GaN 
substrate 10, the greater the tendency for creep-up groWth, 
and thus the greater the thickness of the side groWth portion 
18. Thus, to reduce this great tendency for creep-up groWth, 
it is necessary to make the etching angle 0 greater. 

[0101] Hence, in a case Where the layer thickness of the 
n-type GaN layer 70 is great, the etching angle 0 needs to be 
made accordingly great. By contrast, in a case Where the 
n-type GaN layer 70 is not groWn on the surface of the 
n-type GaN substrate 10 (this corresponds to reducing the 
layer thickness of the n-type GaN layer 70 to 0 m) but 
groWth is started from the n-type AlO_062Ga0_938N ?rst clad 
layer 71 (see FIG. 7), even With a small etching angle 0, it 
is possible to reduce creep-up groWth. 

[0102] Speci?cally, as the graph in FIG. 4 shoWs, in a case 
Where the layer thickness of the n-type GaN layer 70 is 
greater than 5 pm, to prevent the variation of the character 
istics of the nitride semiconductor laser device, the mean 
deviation 0 of the thickness of the p-type layer needs to be 
0.01 or less. To achieve this, the etching angle 0 needs to be 
90° or more. For the reason stated earlier, it is preferable that 
the upper limit of the etching angle 0 be 140° or less. 

[0103] Moreover, as the graph in FIG. 4 shoWs, in a case 
Where the n-type GaN layer 70 is not groWn on the surface 
of the n-type GaN substrate 10, in Which case the layer 
thickness thereof is 0 pm, but groWth is started from the 
n-type AlO_062Ga0_938N ?rst clad layer 71 (see FIG. 7), to 
prevent the variation of the characteristics of the nitride 
semiconductor laser device, the mean deviation 0 of the 
thickness of the p-type layer needs to be 0.01 or less. To 
achieve this the etching angle 0 needs to be 75° or more. 

[0104] Moreover, for the reason stated earlier, it is pref 
erable that the upper limit of the etching angle 0 be 140° or 
less. It should be noted that the measurements plotted in the 
graph in FIG. 4 Were made With the carving depth Z of the 
carved region 16 set at 6 pm. 

[0105] NoW, the carving depth Z of the carved region 16 
Will be explained. If the carving depth Z is 1 pm or less, the 
carved region 16 is almost ?lled (making it difficult to form 
a trough), resulting in the development of cracks. Moreover, 
the creep-up groWth from the bottom groWth portion 19 
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greatly affects the side growth portion 18, greatly degrading 
the ?atness. This is undesirable. 

[0106] On the other hand, if the carving depth Z of the 
carved region 16 is 30 pm or more, it is extremely dif?cult 
to produce the nitride semiconductor laser device, resulting 
in loWer repeatability and loWer yields. This too is undesir 
able. Hence, it is preferable that the carving depth Z of the 
carved region 16 be in the range of 1 pm§Z§30 pm. 

[0107] FIG. 5 shoWs the relationship betWeen the thick 
ness of the side groWth portion 18 and the mean deviation 0 
that indicates the degree of variation of the thickness of the 
p-type layer before the etching for forming the ridge struc 
ture. The graph in FIG. 5 shoWs that, if the ?lm thickness X 
of the side groWth portion 18 is greater than 20 pm, the 
variation of the thickness of the p-type layer is very large. 

[0108] Thus, to obtain satisfactory ?atness, and to reduce 
the variation of the characteristics of the nitride semicon 
ductor laser device, it is preferable that the ?lm thickness X 
of the side groWth portion 18 be 20 pm or less. As described 
earlier, the ?lm thickness X of the side groWth portion 18 is 
controlled by controlling the etching angle 0 or the ?lm 
thickness of the n-type GaN layer 70 or another layer laid 
beneath. 

[0109] In this embodiment, the troughs and ridges shoWn 
in FIGS. 1A and 1B are formed in the shape of stripes that 
eXtend in one direction. It is, hoWever, also possible to form 
the troughs and ridges so that they cross one another in a 
lattice-like (net-like) pattern. 

[0110] The Width of the troughs and the Width of the ridges 
may vary With a ?Xed period, or may vary in any different 
manner. The depth of the troughs may be equal in all of the 
troughs formed, or may vary from one trough to the neXt. 

[0111] The nitride semiconductor light-emitting device 
according to the invention and the method for fabricating it 
according to the invention described above can also be 
presented in the folloWing manner. 

[0112] In the nitride semiconductor light-emitting device 
according to the invention, the etching angle 0 mentioned 
above may be in the range of 85° 2 0 2 140°. It is particularly 
preferable that, in the nitride ?lm semiconductor groWth 
layer, the layer that makes contact With the surface of the 
nitride semiconductor substrate is a GaN layer, and that the 
layer thickness of this GaN layer be 2 pm or more. 

[0113] A GaN layer is strongly prone to migration and thus 
to lateral groWth. This tendency is striking particularly When 
the layer thickness of the GaN layer is greater than 2 pm. 
Thus, to reduce creep-up groWth from the bottom groWth 
portion of a carved region, and to reduce the ?lm thickness 
of the side groWth portion of the carved region, the etching 
angle 0 needs to be set at 85° or more. The reason that the 
etching angle 0 is 140° or less is the same as described 
earlier. 

[0114] In a nitride semiconductor light-emitting device 
like this, the layer thickness of the GaN layer mentioned 
above may be 2 pm or less. 

[0115] As described above, a GaN layer is strongly prone 
to migration and thus to lateral groWth. HoWever, the smaller 
the layer thickness of the GaN layer, the less noticeable the 
tendency becomes. Thus, setting the layer thickness of the 
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GaN layer at 2 pm or less is effective in reducing creep-up 
groWth from the bottom groWth portion of the carved region 
and in reducing the ?lm thickness of the side groWth portion. 
In this case, it is further preferable that the etching angle 0 
be set at 80° or more. The reason that the etching angle 0 is 
140° or less is the same as described earlier. 

[0116] In a nitride semiconductor light-emitting device 
like this, in the nitride ?lm semiconductor groWth layer 
mentioned above, the layer that makes contact With the 
surface of the nitride semiconductor substrate may be an 
AlGaN layer. 

[0117] As descried above, a GaN layer is strongly prone to 
migration and thus to lateral groWth. By contrast, an AlGaN 
layer is less prone to migration than a GaN layer. 

[0118] Thus, When the layer thickness of the GaN layer is 
set at 0 pm, and the layer that makes contact With the surface 
of the nitride semiconductor substrate is an AlGaN layer, to 
reduce creep-up groWth from the bottom groWth portion of 
the carved region and to reduce the ?lm thickness of the side 
groWth portion, it suf?ces to set the etching angle 0 at 75° 
or more. The reason that the etching angle 0 is 140° or less 
is the same as described earlier. 

[0119] In the nitride semiconductor light-emitting device 
described above, the carving depth of the carved region may 
be 1 pm or more but 30 pm or less. 

[0120] NoW, the carving depth of the carved region Will be 
explained. If the carving depth is 1 pm or less, it is almost 
?lled, resulting in the development of cracks. Moreover, in 
this case, the creep-up groWth from the bottom groWth 
portion strongly affects the side groWth portion, greatly 
degrading the ?atness. This is undesirable. 

[0121] On the other hand, if the carving depth of the 
carved region is 30 pm or more, it is extremely dif?cult to 
produce the nitride semiconductor light-emitting device, 
leading to loWer repeatability and loWer yields. This too is 
undesirable. Hence, it is preferable that the carving depth of 
the carved region be 1 pm or more but 30 pm or less. 

[0122] In the nitride semiconductor light-emitting device 
described above, the laser stripe formed as the light-emitting 
portion in the nitride semiconductor groWth layer may be 
formed above the loW-defect region elseWhere than above 
the carved region. In this case, the laser stripe may be 
formed 20 pm or more aWay from the carved region. 

[0123] Forming the laser stripe so that the distance from 
the center line of the laser stripe to the carved portion is less 
than 20 pm results in large variations in the characteristics 
of the nitride semiconductor light-emitting device. This is 
because the ?lm thickness of the top groWth potion at the 
end thereof adjoining the carved portion is greater than the 
thickness of the top groWth portion in a central portion 
thereof, resulting in the formation of an abnormal groWth 
portion. 

[0124] That is, in a case Where an abnormal groWth 
portion lies over a Width of about 20 pm from each end of 
the top groWth portion, forming the laser stripe in this region 
results in large variations in the characteristics of the nitride 
semiconductor light-emitting device. Thus, it is preferable 
that the laser stripe be formed in a region to Which the 
distance from the end of the top groWth portion is 20 pm or 
more. 
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[0125] In the nitride semiconductor light-emitting device 
described above, the ?lm thickness of the side groWth 
portion formed as part of the nitride ?lm semiconductor 
groWth layer on the side faces of the carved region may be 
20 pm or less. 

[0126] Giving the side groWth portion a ?lm thickness 
greater than 20 pm results in large variation in the thickness 
of the p-type layer. Thus, to obtain satisfactory ?atness and 
to reduce the variation of the characteristics of the nitride 
semiconductor light-emitting device, it is preferable that the 
?lm thickness of the top groWth portion be 20 pm or less. 

[0127] The present invention also provides a method for 
fabricating a nitride semiconductor light-emitting device 
including, as described above: a nitride semiconductor sub 
strate of Which at least part of the surface is formed from a 
nitride semiconductor and that includes on the surface 
thereof a loW-defect region having a defect density of 106 
cm'2 or less; and a nitride ?lm semiconductor groWth layer 
formed on the surface of the nitride semiconductor substrate. 
The method includes: a ?rst step of forming a carved region 
by etching the nitride semiconductor substrate; and a second 
step of laying the nitride semiconductor groWth layer on the 
nitride semiconductor substrate that has undergone the ?rst 
step. Here, in the ?rst step, the etching angle 0, Which is the 
angle betWeen the side face of a depressed portion formed as 
the carved region and the extension line of the bottom face 
of the depressed portion, is in the range of 75°§0§140°. 

[0128] In the method for fabricating a nitride semiconduc 
tor light-emitting device described above, in the ?rst step, 
the etching angle 0 may be in the range of 85°§0§140°. 

[0129] In the method for fabricating a nitride semiconduc 
tor light-emitting device described above, in the second step, 
the layer that makes contact With the surface of the nitride 
semiconductor substrate may be a 2 pm or less thick GaN 
layer. 
[0130] In the method for fabricating a nitride semiconduc 
tor light-emitting device described above, in the second step, 
the layer that makes contact With the surface of the nitride 
semiconductor substrate is an AlGaN layer. 

[0131] In the method for fabricating a nitride semiconduc 
tor light-emitting device described above, a laser stripe 
functioning as a light-emitting portion may be formed above 
the loW-defect region, elseWhere than above the carved 
region. In this case, the laser stripe may be formed 20 pm or 
more aWay from the carved region. 

[0132] In any of the methods for fabricating a nitride 
semiconductor light-emitting device described above, the 
side groWth portion formed, as part of the nitride ?lm 
semiconductor groWth layer, on the side face of the carved 
region may be 20 pm or less thick. 

[0133] In any of the methods for fabricating a nitride 
semiconductor light-emitting device described above, in the 
?rst step, ?rst a nitride semiconductor layer may be groWn 
on the nitride semiconductor substrate, With the carved 
region formed thereafter. 

[0134] Even When ?rst the nitride semiconductor layer is 
groWn before the carved region is formed, then the carved 
region is formed, and then the nitride semiconductor groWth 
layer is laid on top, the effects of the present invention 
remain unaffected, making it possible to provide a nitride 
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semiconductor light-emitting device Wherein a nitride semi 
conductor groWth layer is formed With good surface ?atness. 

[0135] The practical eXamples and embodiments speci? 
cally described hereinbefore are intended merely to clarify 
the technical features of the present invention. Accordingly, 
it should be understood that the present invention can be 
practiced in any other manners than speci?cally described 
above, With many variations and modi?cations made Within 
the scope of the appended claims. 

What is claimed is: 
1. A nitride semiconductor light-emitting device compris 

ing: 

a nitride semiconductor substrate of Which at least part of 
a surface is formed from a nitride semiconductor; and 

a nitride ?lm semiconductor groWth layer laid on the 
surface of the nitride semiconductor substrate, 

wherein a loW-defect region having a defect density of 
10 cm-2 or less and a carved region in a shape of a 
depressed portion are formed on the surface of the 
nitride semiconductor substrate, and 

Wherein an etching angle 0, Which is an angle betWeen a 
side face portion of the depressed portion and an 
extension line of a bottom face portion thereof as 
measured With the depressed portion seen in a sectional 
vieW, is in a range of 75°§0§140°. 

2. The nitride semiconductor light-emitting device 
according to claim 1, 

Wherein the etching angle 0 is in a range of 85° 2 0 2 140°. 
3. The nitride semiconductor light-emitting device 

according to claim 1, 

Wherein, of all layers constituting the nitride ?lm semi 
conductor groWth layer, a layer that makes contact With 
the surface of the nitride semiconductor substrate is a 
GaN layer, and this GaN layer is 2 pm or less thick. 

4. The nitride semiconductor light-emitting device 
according to claim 1, 

Wherein, of all layers constituting the nitride ?lm semi 
conductor groWth layer, a layer that makes contact With 
the surface of the nitride semiconductor substrate is an 
AlGaN layer. 

5. The nitride semiconductor light-emitting device 
according to claim 1, 

Wherein the carved region is 1 pm or more but 30 pm or 
less deep. 

6. The nitride semiconductor light-emitting device 
according to claim 1, 

Wherein a laser stripe that is formed in the nitride ?lm 
semiconductor groWth layer so as to function as a 
light-emitting portion is formed above the loW-defect 
region and elseWhere than above the carved region. 

7. The nitride semiconductor light-emitting device 
according to claim 6, 

Wherein the laser stripe is formed 20 pm or more aWay 
from the carved region. 
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8. The nitride semiconductor light-emitting device 
according to claim 1, 

Wherein a side growth portion formed, as part of the 
nitride ?lm semiconductor groWth layer, on a side face 
of the carved region is 20 pm or less thick. 

9. A method for fabricating a nitride semiconductor light 
emitting device, the method including a step of forming a 
nitride ?lm semiconductor groWth layer on a surface of a 
nitride semiconductor substrate of Which at least part is 
formed from a nitride semiconductor and that includes on 
the surface thereof a loW-defect region having a defect 
density of 106 cm'2 or less, the method comprising: 

a ?rst step of forming a carved region by etching the 
nitride semiconductor substrate; and 

a second step of laying the nitride ?lm semiconductor 
groWth layer on the nitride semiconductor substrate that 
has undergone the ?rst step, 

Wherein, in the ?rst step, an etching angle 6, Which is an 
angle betWeen a side face portion of a depressed 
portion formed as the carved region and an extension 
line of a bottom face portion of the depressed portion, 
is in a range of 75°§6§140°. 

10. The method for fabricating a nitride semiconductor 
light-emitting device according to claim 9, 

Wherein, in the ?rst step, the etching angle 6 is in a range 
of 85°§6§140°. 

11. The method for fabricating a nitride semiconductor 
light-emitting device according to claim 9, 

Wherein, in the second step, a layer that makes contact 
With the surface of the nitride semiconductor substrate 
is a 2 pm or less thick GaN layer. 
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12. The method for fabricating a nitride semiconductor 
light-emitting device according to claim 9, 

Wherein, in the second step, a layer that makes contact 
With the surface of the nitride semiconductor substrate 
is an AlGaN layer. 

13. The method for fabricating a nitride semiconductor 
light-emitting device according to claim 9, the method 
further comprising: 

a step of forming a laser stripe in the nitride ?lm semi 
conductor groWth layer, above the loW-defect region 
and elseWhere than above the carved region, so as to 
function as a light-emitting portion. 

14. The method for fabricating a nitride semiconductor 
light-emitting device according to claim 13, 

Wherein the laser stripe is formed 20 pm or more aWay 
from the carved region. 

15. The method for fabricating a nitride semiconductor 
light-emitting device according to claim 9, 

Wherein a side groWth portion formed, as part of the 
nitride ?lm semiconductor groWth layer, on a side face 
of the carved region is 20 pm or less thick. 

16. The method for fabricating a nitride semiconductor 
light-emitting device according to claim 9, 

Wherein, in the ?rst step, ?rst a nitride semiconductor 
layer is groWn on the nitride semiconductor substrate, 
and then the carved region is formed. 


