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(57) ABSTRACT 

Provided is a method for producing a Group III nitride semi 
conductor light-emitting device including a GaN Substrate 
serving as a growth Substrate, which method facilitates taper 
ing of a bottom portion of the GaN substrate. In the produc 
tion method, firstly, a Group III nitride semiconductor layer, 
an ITO electrode, a p-electrode, and an n-electrode are 
formed on the top surface of a GaN substrate through 
MOCVD. Thereafter, the GaN substrate is thinned through 
mechanical polishing of the bottom Surface thereof, and then 
scratches formed by mechanical polishing are removed 
through chemical mechanical polishing, to thereby planarize 
the bottom Surface. Subsequently, a mask is formed on the 
bottom surface of the GaN substrate, followed by wet etching 
with phosphoric acid. By virtue of anisotropy in etching of 
GaN with phosphoric acid, a tapered surface is exposed so as 
to be inclined by about 60° with respect to the GaN substrate. 
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GROUP III NITRIDE SEMCONDUCTOR 
LIGHT-EMITTING DEVICE AND 

PRODUCTION METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a Group III nitride 
semiconductor light-emitting device including a growth Sub 
strate formed from a Group III nitride semiconductor (here 
inafter may be referred to as “Group III nitride semiconductor 
growth Substrate”), and to a method for producing the light 
emitting device. More particularly, the present invention 
relates to a light-emitting device exhibiting improved light 
extraction performance, and to a method for producing the 
light-emitting device. 
0003 2. Background Art 
0004 Hitherto, there has been known a Group III nitride 
semiconductor light-emitting devices having a GaN growth 
substrate, in which the bottom portion of the GaN substrate is 
processed to have a tapered form for improving the light 
extraction performance of the light-emitting device (see Japa 
nese Patent Application Laid-Open (kokai) Nos. H11 
317546, 2003-086838, and 2005-302804). 
0005 Such a bottom-tapered GaN substrate is formed 
through a machining process Such as polishing or dicing. In a 
method disclosed in Japanese Patent Application Laid-Open 
(kokai) No. 2005-302804, a damaged layer formed by such a 
machining process is removed through dry etching, since the 
damaged layer reduces light extraction performance. 
0006. However, the method disclosed in Japanese Patent 
Application Laid-Open (kokai) No. 2005-302804 poses a 
problem in terms of ease of processing, since the method 
requires two steps (machining and dry etching) for forming a 
bottom-tapered GaN substrate. Meanwhile, when a tapered 
Substrate is formed through a machining process such as 
dicing, poor reproducibility in tapering may cause variation 
in brightness or light distribution. 

SUMMARY OF THE INVENTION 

0007. In view of the foregoing, an object of the present 
invention is to provide a method for producing a Group III 
nitride semiconductor light-emitting device, which method 
facilitates tapering of a bottom portion of a growth substrate 
at high reproducibility. Another object of the present inven 
tion is to provide a Group III nitride semiconductor light 
emitting device including a bottom-tapered growth substrate. 
0008. In a first aspect of the present invention, there is 
provided a method for producing a light-emitting device com 
prising: 
0009 planarizing the bottom surface of the growth sub 
Strate; 
0010 Subsequently, forming a mask having a predeter 
mined pattern on the bottom surface of the growth substrate; 
and 
0011 wet-etching the bottom surface of the growth sub 
strate, to thereby form an embossment including a portion of 
the bottom surface of the growth substrate, the portion being 
a planar Surface, and a tapered surface which extends from the 
periphery of the planar Surface and are inclined with respect 
to the growth substrate. 
0012. As used herein, “Group III nitride semiconductor 
refers to a semiconductor represented by the formula Al 
Ga, In-N(0sxs 1,0sx+ys 1,0sx+ys 1), such as GaN. 
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AlGaN. InGaN, or AlGalnN. The n-type impurity employed 
may be, for example, Si, and the p-type impurity employed 
may be, for example, Mg. 
0013 Examples of known etchants which can be 
employed for wet etching of a Group III nitride semiconduc 
tor include phosphoric acids such as phosphoric acid and 
pyrophosphoric acid; mixed acid of phosphoric acid and Sul 
furic acid; potassium hydroxide; and sodium hydroxide. Wet 
etching of a Group III nitride semiconductor may be carried 
under irradiation of the semiconductor with a UV ray, or 
under application of bias to the semiconductor. 
0014. The growth substrate employed may be a substrate 
whose main Surface has a predetermined crystal orientation, 
Such as a C-plane Substrate, an R-plane Substrate, an M-plane 
Substrate, or an A-plane Substrate. Generally, a C-plane Sub 
strate is employed, since, for example, it is readily available. 
When a C-plane growth substrate is employed, preferably, the 
bottom surface of the substrate is an N-polar surface. This is 
because, as compared with an N-polar Surface, a Ga-polar 
surface is less likely to be etched. 
0015. In the first aspect of the present invention, the term 
“planarizing” refers not only to a step of reducing irregulari 
ties on the bottom surface of the growth substrate, but also to 
a step of treating the bottom Surface through removal of a 
damaged layer formed by, for example, mechanical polishing 
so that surface irregularities (e.g., scratches) do not develop 
through wet etching. Such a planarizing step may be carried 
out through, for example, chemical mechanical polishing or 
high-temperature thermal treatment after dry etching of the 
entire bottom surface. Since Such a planarizing step is impor 
tant from the viewpoint of processing accuracy of the bottom 
surface of the substrate, this step must be carried out before 
wet etching. 
0016 Processing of the bottom surface of the growth sub 
strate may be carried out through combination of wet etching 
and dry etching. Preferably, the growth substrate is thinned 
through mechanical polishing before planarizing, for facili 
tation of Subsequent chip separation. 
0017. The mask employed for wet etching may be 
removed or left in place after wet etching. 
0018. In the present invention, processing of the bottom 
Surface of the growth Substrate (including at least planarizing, 
or both planarizing and wet etching) may be carried out 
before or after formation of a semiconductor layer on the top 
surface of the growth substrate. When processing of the bot 
tom surface of the growth substrate is carried out before 
formation of a semiconductor layer, planarizing may be per 
formed by dry etching of the entire bottom surface, followed 
by high-temperature thermal treatment. 
0019. A second aspect of the present invention is drawn to 
a specific embodiment of the method for producing a light 
emitting device as described in the first aspect, wherein the 
bottom surface of the growth substrate is planarized through 
chemical mechanical polishing. 
0020. A third aspect of the present invention is drawn to a 
specific embodiment of the method for producing a light 
emitting device as described in the first or second aspect, 
wherein wet etching is carried out to a depth of 5 um or more 
as measured from the bottom surface of the growth substrate. 
0021 When the etching depth is 5 um or more, light 
extraction performance is further improved. When a portion 
which has been thinned through etching corresponds to a chip 
separation region, chip separation is more readily carried out, 
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which is preferred. The etching depth is more preferably 10 
um or more, much more preferably 50 um or more. 
0022. A fourth aspect of the present invention is drawn to 
a specific embodiment of the method for producing a light 
emitting device as described in the first or second aspect, 
wherein wet etching is carried out to a depth which is 40 to 
70% of the thickness of the growth substrate. 
0023. When the etching depthis 40 to 70% of the thickness 
of the growth Substrate, light extraction performance is fur 
ther improved. When a portion which has been thinned 
through etching corresponds to a chip separation region, chip 
separation is more readily carried out, which is preferred. The 
etching depth is more preferably 45 to 70% of the thickness of 
the growth substrate, much more preferably 50 to 70% of the 
thickness of the growth substrate. 
0024. A fifth aspect of the present invention is drawn to a 
specific embodiment of the method for producing a light 
emitting device as described in any one of the first to fourth 
aspects, wherein the tapered surface is inclined by 20° to 70° 
with respect to the growth substrate. 
0025. When the angle of the tapered surface with respect 

to the growth substrate falls within the above range, light 
extraction performance is further improved, which is pre 
ferred. 

0026. A sixth aspect of the present invention is drawn to a 
specific embodiment of the method for producing a light 
emitting device as described in any one of the first to fourth 
aspects, wherein the tapered surface is inclined by 60° with 
respect to the growth substrate. 
0027. As used herein, “60°” refers not to 60° strictly, butto 
an angle of 60°-5°. 
0028. A seventh aspect of the present invention is drawn to 
a specific embodiment of the method for producing a light 
emitting device as described in any one of the first to sixth 
aspects, wherein wet etching is carried out by use of phos 
phoric acid. 
0029 Wet etching of a Group III nitride semiconductor 
with phosphoric acid occurs anisotropically, and the thus 
etched semiconductor has a tapered Surface inclined by about 
60° with respect to C-plane. The temperature of phosphoric 
acid employed is preferably 100 to 200° C. This is because, 
when the phosphoric acid temperature is 100° C. or lower, 
etching rate is reduced (i.e., etching requires a long period of 
time), whereas when the phosphoric acid temperature is 200° 
C. or higher, the mask may be damaged. The phosphoric acid 
temperature is more preferably 140 to 170° C. The phospho 
ric acid concentration is preferably 1% or more. This is 
because, when the phosphoric acid concentration is less than 
1%, etching rate is reduced. The phosphoric acid concentra 
tion is more preferably 10% or more. 
0030. An eighth aspect of the present invention is drawn to 
a specific embodiment of the method for producing a light 
emitting device as described in any one of the first to seventh 
aspects, wherein the growth Substrate is a C-plane Substrate, 
and the bottom surface of the growth substrate is an N-polar 
Surface. 

0031. A ninth aspect of the present invention is drawn to a 
specific embodiment of the method for producing a light 
emitting device as described in any one of the first to eighth 
aspects, wherein the growth substrate is a GaN substrate. 
0032. A tenth aspect of the present invention is drawn to a 
specific embodiment of the method for producing a light 
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emitting device as described in any one of the first to ninth 
aspects, wherein the embossment comprises one or more 
protrusions. 
0033. An eleventh aspect of the present invention is drawn 
to a specific embodiment of the method for producing a 
light-emitting device as described in any one of the first to 
ninth aspects, wherein the embossment comprises one dent 
provided at the center of the bottom surface of the growth 
substrate. 
0034. A twelfth aspect of the present invention is drawn to 
a specific embodiment of the method for producing a light 
emitting device as described in any one of the first to eleventh 
aspects, wherein the embossment has a bottom surface which 
is parallel to the bottom surface of the growth substrate. 
0035 A thirteenth aspect of the present invention is drawn 
to a specific embodiment of the method for producing a 
light-emitting device as described in any one of the first to 
twelfth aspects, wherein the embossment comprises a plural 
ity of protrusions, and a first trench between adjacent protru 
sions is formed through wet etching which is allowed to 
proceed until etching eventually stops, so that the trench 
assumes a V-shape as viewed in a cross section perpendicular 
to the bottom surface of the growth substrate. 
0036 When a first trench is formed through wet etching so 
that the trench assumes a V-shape as viewed in a cross section 
perpendicular to the bottom surface of the growth substrate, 
etching automatically stops when formation of the V-shaped 
trench has been completed. Therefore, the depth of the first 
trench can be controlled by determining the size of the cor 
responding opening of the mask. Thus, there can be produced 
devices having first trenches of uniform depth; i.e., devices 
exhibiting uniform performance. 
0037. A fourteenth aspect of the present invention is 
drawn to a specific embodiment of the method for producing 
a light-emitting device as described in the thirteenth aspect, 
wherein the depth of first trenches is varied by modifying the 
size of a plurality of first openings provided in the mask for 
forming the first trenches. 
0038. When the size of the openings of the mask is tuned 
to a predetermined value, and wet etching is allowed to pro 
ceed until etching eventually stops, the depth profile of the 
first trenches can be controlled to a desired one. Thus, devices 
exhibiting uniform emission output can be produced. 
0039. A fifteenth aspect of the present invention is drawn 
to a specific embodiment of the method for producing a 
light-emitting device as described in any one of the first to 
fourteenth aspects, wherein the embossment comprises a plu 
rality of protrusions; and both the first trench, which is pro 
vided between adjacent protrusions and assumes a V-shape as 
viewed in a cross section perpendicular to the bottom Surface 
of the growth Substrate, and a second trench which has a depth 
greater than that of the first trench and is employed for sepa 
rating the light-emitting device into chips are formed through 
single-step wet etching via a first opening provided in the 
mask for forming the first trench and a second opening pro 
vided in the mask for forming the second trench, the second 
opening being greater in size than the first opening. 
0040. Thus, the first trench and the second trench, which 
has a depth greater than that of the first trench and is employed 
for separating the device into chips, can be formed through 
single-step wet etching, which facilitates production of the 
device. 
0041. A sixteenth aspect of the present invention is drawn 
to a specific embodiment of the method for producing a 
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light-emitting device as described in the fifteenth aspect, 
wherein the first and second trenches are formed through wet 
etching which is allowed to proceed until etching eventually 
stops, so that the second trench assumes a V-shape as viewed 
in a cross section perpendicular to the bottom Surface of the 
growth Substrate. 
0042. Thus, the first trench and the second trench, which 
has a depth greater than that of the first trench and is employed 
for separating the device into chips, can be formed through 
single-step wet etching. In this case, there is no difference in 
first or second trench depth between devices produced. 
Therefore, the devices exhibit uniform light output character 
istics. 

0043. A seventeenth aspect of the present invention is 
drawn to a specific embodiment of the method for producing 
a light-emitting device as described in any one of the first to 
sixteenth aspects, wherein the light-emitting device is of a 
face-up type, and the mask has a pattern which allows the 
center of a pad to fall within an outwardly convex region 
defined by a closed curve, the region including the entire 
pattern of the mask and having the Smallest possible area. 
0044 An eighteenth aspect of the present invention is 
drawn to a specific embodiment of the method for producing 
a light-emitting device as described in any one of the first to 
seventeenth aspects, wherein the growth Substrate has an 
absorption coefficient of 3/cm or less with respect to light 
emitted from the light-emitting device. 
0045. As used herein, “absorption coefficient of a 
medium indicates the degree of absorption of light by the 
medium when light passes therethrough. When I represents 
the intensity of light before entering a medium, I represents 
the intensity of light which has passed through the medium, C. 
represents absorption coefficient, and X represents the dis 
tance over which light has traveled through the medium, the 
following relation is obtained: IIoexp (-CIX). 
0046. In a nineteenth aspect of the present invention, there 

is provided a light-emitting device comprising a Group III 
nitride semiconductor growth Substrate, and a Group III 
nitride semiconductor layer stacked on the top surface of the 
growth Substrate, wherein the growth substrate has an 
embossment including a portion of the bottom Surface of the 
growth substrate, the portion being a planar Surface, and a 
tapered surface which extends from the periphery of the pla 
nar Surface and is inclined with respect to the growth Sub 
strate; and the tapered Surface is formed through wet etching. 
0047. A twentieth aspect of the present invention is drawn 
to a specific embodiment of the light-emitting device as 
described in the nineteenth aspect, wherein the tapered sur 
face is formed so as to attain a depth of 5 um or more as 
measured from the bottom surface of the growth substrate. 
0048. A twenty-first aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in the nineteenth aspect, wherein the tapered 
surface is formed so as to attain a depth which is 40 to 70% of 
the thickness of the growth substrate. 
0049. A twenty-second aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to twenty-first 
aspects, wherein the tapered surface is inclined by 20° to 70° 
with respect to the growth substrate. 
0050. A twenty-third aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to twenty-first 
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aspects, wherein the tapered surface is inclined by 60° with 
respect to the growth substrate. 
0051. As described above, “60°” refers not to 60° strictly, 
but to an angle of 60°-50°. 
0.052 A twenty-fourth aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to twenty-third 
aspects, wherein the growth substrate is a GaN substrate. 
0053 A twenty-fifth aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to twenty-fourth 
aspects, wherein the growth Substrate is a C-plane Substrate, 
and the bottom surface of the growth substrate is an N-polar 
Surface. 
0054. A twenty-sixth aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to twenty-fifth 
aspects, wherein the embossment comprises one or more 
protrusions. 
0055 A twenty-seventh aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to twenty-fifth 
aspects, wherein the embossment comprises one dent pro 
vided at the center of the bottom surface of the growth sub 
Strate. 

0056. A twenty-eighth aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to twenty-seventh 
aspects, wherein the embossment has a bottom surface which 
is parallel to the bottom surface of the growth substrate. 
0057. A twenty-ninth aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to twenty-eighth 
aspects, wherein the embossment comprises a plurality of 
protrusions, and a first trench formed between adjacent pro 
trusions assumes a V-shape as viewed in a cross section per 
pendicular to the bottom surface of the growth substrate. 
0.058 Athirtieth aspect of the present invention is drawn to 
a specific embodiment of the light-emitting device as 
described in the twenty-ninth aspect, wherein a plurality of 
first trenches have different depths. 
0059 A thirty-first aspect of the present invention is drawn 
to a specific embodiment of the light-emitting device as 
described in any one of the nineteenth to thirtieth aspects, 
wherein the embossment comprises a plurality of protrusions, 
and includes a first trench which is formed between adjacent 
protrusions and assumes a V-shape as viewed in a cross sec 
tion perpendicular to the bottom surface of the growth sub 
strate, and a side Surface of a second trench which has a depth 
greater than that of the first trench and is formed at a position 
at which the light-emitting device is separated into chips. 
0060 A thirty-second aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in the thirty-first aspect, wherein the second 
trench assumes a V-shape as viewed in a cross section per 
pendicular to the bottom surface of the growth substrate. 
0061 A thirty-third aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to thirty-second 
aspects, wherein the light-emitting device is of a face-up type, 
and the mask has a pattern which allows the center of a pad to 
fall within an outwardly convex region defined by a closed 
curve, the region including the entire pattern of the mask and 
having the Smallest possible area. 
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0062. A thirty-fourth aspect of the present invention is 
drawn to a specific embodiment of the light-emitting device 
as described in any one of the nineteenth to thirty-third 
aspects, wherein the growth substrate has an absorption coef 
ficient of 3/cm or less with respect to light emitted from the 
light-emitting device. 
0063. According to the first aspect of the present inven 

tion, since the bottom Surface of the growth Substrate is pla 
narized, an etchant does not entera space below the mask, and 
a region directly below the mask is not etched. Therefore, the 
bottom surface of the growth substrate can be accurately 
etched in a predetermined pattern at high reproducibility. 
Such high reproducibility in etching can reduce variation in 
brightness or light distribution. Since wet etching of a Group 
III nitride semiconductor occurs anisotropically, a tapered 
portion can be readily formed through wet etching, and no 
damage occurs on a tapered surface which is exposed through 
wet etching. As described above, a light-emitting device 
exhibiting improved light extraction performance by virtue of 
its bottom-tapered growth substrate can be readily produced 
at high reproducibility, as compared with conventional cases. 
When a region of the thus-tapered growth substrate corre 
sponding to chip separation is thinned through etching, Sub 
sequent chip separation is readily carried out. 
0064. According to the second aspect of the present inven 

tion, the bottom surface of the growth substrate may be pla 
narized through chemical mechanical polishing. 
0065. When etching is carried out to a depth of 5 um or 
more as measured from the bottom surface of the growth 
substrate (third aspect) or to a depth which is 40 to 70% of the 
thickness of the growth Substrate (fourth aspect), light extrac 
tion performance can be improved. When a chip separation 
region is thinned through etching, Subsequent chip separation 
is more readily carried out. 
0066. When a tapered surface is inclined with respect to 
the growth substrate by 20° to 70° (fifth aspect) or 60° (sixth 
aspect), light extraction performance can be further 
improved. 
0067. According to the seventh aspect of the present 
invention, since phosphoric acid is employed for etching, by 
virtue of anisotropic etching of a Group III nitride semicon 
ductor with phosphoric acid, the bottom surface of the growth 
Substrate is readily processed so that a tapered Surface is 
exposed. In this case, roughness of the etched Surface is 
reduced. 
0068 According to the eighth aspect of the present inven 

tion, since the growth substrate is a C-plane Substrate, and the 
bottom surface of the growth substrate is an N-polar surface, 
etching of the Group III nitride semiconductor is more readily 
carried out. 
0069. According to the ninth aspect of the present inven 

tion, the growth substrate may be a GaN substrate. 
0070 The embossment of the growth substrate may com 
prise one or more protrusions (tenth aspect), or one dent 
provided at the center of the bottom surface of the growth 
substrate (eleventh aspect). Alternatively, the embossment of 
the growth substrate may have an exposed bottom Surface 
which is parallel to the bottom surface of the growth substrate 
(through etching of the twelfth aspect). 
0071. According to the thirteenth aspect of the present 
invention, when a first trench is formed through wet etching 
so that the trench assumes a V-shape as viewed in a cross 
section perpendicular to the bottom surface of the growth 
Substrate, etching automatically stops upon completion of 
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formation of the V-shaped trench. Therefore, the depth of the 
first trench can be controlled by only determining the size of 
the corresponding opening of the mask. Thus, there can be 
produced devices having first trenches of uniform depth; i.e., 
devices exhibiting uniform performance. 
0072 According to the fourteenth aspect of the present 
invention, when the size of first openings of the mask is varied 
to a predetermined value, and wet etching is allowed to pro 
ceed until etching eventually stops, the depth profile of a 
plurality of first trenches can be controlled to a desired one. 
Thus, devices exhibiting uniform emission output can be 
produced. 
0073. According to the fifteenth aspect of the present 
invention, a first trench and a second trench which has a 
depth greater than that of the first trench and is employed for 
separating the device into chips—can be formed through 
single-step wet etching, which facilitates production of the 
device. 
0074 According to the sixteenth aspect of the present 
invention, a first trench and a second trench which has a 
depth greater than that of the first trench and is employed for 
separating the device into chips—can be formed through 
single-step wet etching. In this case, there is no difference in 
first or second trench depth between devices produced. 
Therefore, the devices exhibit uniform light output character 
istics. 
0075. In the case where the pattern (in plan view) of the 
mask is determined as described above (seventeenth aspect), 
even when the light-emitting device is of a face-up type, a 
chip can be prevented from being inclined during wire bond 
1ng. 
0076 According to the eighteenth aspect of the present 
invention, since the growth substrate is a Substrate having a 
light absorption coefficient of 3/cm or less with respect to 
light emitted from the light-emitting device, light extraction 
performance can be more improved. Employment of a Sub 
strate having an absorption coefficient of 1/cm or less is 
preferred, from the viewpoint of further improvement of light 
extraction performance. 
0077 According to the nineteenth to thirty-fourth aspects 
of the present invention, a light-emitting device exhibiting 
improved light extraction performance can be realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0078 Various other objects, features, and many of the 
attendant advantages of the present invention will be readily 
appreciated as the same becomes better understood with ref 
erence to the following detailed description of the preferred 
embodiments when considered in connection with the 
accompanying drawings, in which: 
007.9 FIG. 1 shows the structure of a light-emitting device 
1 according to Embodiment 1; 
0080 FIGS. 2A to 2F show a production process of the 
light-emitting device 1 according to Embodiment 1; 
I0081 FIG.3 shows the structure of a light-emitting device 
2 according to Embodiment 2: 
I0082 FIGS. 4A, 4B show a production process of the 
light-emitting device 2 according to Embodiment 2: 
I0083 FIG. 5 shows the structure of a light-emitting device 
3 according to Embodiment 3: 
I0084 FIG. 6 shows the pattern of masks 34; 
I0085 FIG. 7 is graphs showing data on light distribution 
characteristics; 
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I0086 FIG. 8 shows data on light distribution characteris 
tics; 
0087 FIG.9 shows the structure of a light-emitting device 
4 according to Embodiment 4: 
I0088 FIG. 10 shows the pattern of a mask 44; 
I0089 FIGS. 11A to 11C show a production process of the 
light-emitting device 4 according to Embodiment 4: 
0090 FIG. 12 schematically shows stages of etching with 
phosphoric acid; 
0091 FIG. 13 shows an example that the depth of a dent 
formed through etching with phosphoric acid can be con 
trolled only by the size of the corresponding opening pro 
vided in a mask: 
0092 FIG. 14 shows another example that the depth of a 
dent formed through etching with phosphoric acid can be 
controlled only by the size of the corresponding opening 
provided in a mask; and 
0093 FIG. 15 shows an example of a mask pattern formed 
on the bottom surface of a GaN substrate. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0094 Specific embodiments of the present invention will 
next be described with reference to the drawings. However, 
the present invention is not limited to the embodiments. 

Embodiment 1 

0095 FIG. 1 shows the structure of a face-up-type light 
emitting device 1 according to Embodiment 1. The light 
emitting device 1 has a size of about 350 umxabout 350 um. 
0096. The structure of the light-emitting device 1 will now 
be described. As shown in FIG. 1A, the light-emitting device 
1 includes a GaN substrate 10 serving as a growth substrate; 
a Group III nitride semiconductor layer 11 formed on the top 
surface of the GaN substrate 10; an ITO electrode 15 formed 
on the top Surface of the semiconductor layer 11, a p-elec 
trode 12; an n-electrode 13; and an SiO, mask 14 formed on 
the bottom Surface 10b of the GaN Substrate 10. 
0097. As shown in FIG. 1B, the semiconductor layer 11 
has a structure in which an in-layer 111, an active layer 112, 
and a p-layer 113 are sequentially stacked. The n-layer 111 
has a structure in which an n-type GaN contact layer doped 
with Si at high concentration and a GaN n-cladding layer are 
sequentially stacked. The p-layer 113 has a structure in which 
an Mg-doped AlGaN p-cladding layer and an Mg-doped GaN 
p-contact layer are sequentially stacked. The active layer 112 
has an MQW structure in which GaN barrier layers and 
InGaN well layers are repeatedly stacked. The active layer 
112 and the p-layer 113 are partially etched, and a portion of 
the n-layer 111 is exposed. 
0098. The ITO electrode 15 is formed on the p-layer 113 
so as to cover almost the entire surface of the p-layer 113. The 
p-electrode 12 is formed in a predetermined pattern on a 
region of the ITO electrode 15. The n-electrode 13 is formed 
on the exposed portion of the n-layer 111. 
0099. The GaN substrate 10 has a thickness of about 185 
um. The bottom surface 10b of the GaN substrate 10 generally 
coincides with the shape of a mask 14 having a size of 250 
umx250 Lum. The bottom surface 10b of the GaN substrate 10 
covered with the mask 14 corresponds to the planar surface of 
the present invention. The GaN substrate 10 has a truncated 
pyramidal protrusion 100 whose horizontal cross-sectional 
area increases toward the side of the top surface of the GaN 
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substrate 10 (depth: about 85 um as measured from the bot 
tom surface 10b of the GaN substrate 10). The protrusion 100 
has a tapered surface 10a which is inclined by about. 60° with 
respect to the GaN substrate 10. The tapered surface 10a is 
exposed by virtue of anisotropy in wet etching. The GaN 
substrate 10 is a C-plane substrate, and the bottom surface of 
the GaN substrate 10 is an N-polar surface. 
0100. The GaN substrate 10 preferably has an absorption 
coefficient of 3/cm or less with respect to the wavelength of 
light emitted from the light-emitting device 1. When the 
absorption coefficient is 3/cm or less, light extraction perfor 
mance can be considerably improved. The absorption coeffi 
cient is more preferably 1/cm or less. 
0101 Next will be described a method for producing the 
light-emitting device 1 with reference to FIGS. 2A to 2F 
(production process diagrams). Firstly, an in-layer 111, an 
MQW layer 112, and a p-layer 113 are stacked on the top 
surface of a GaN substrate 10 (thickness: about 350 um) 
through MOCVD, to thereby form a semiconductor layer 11 
(FIG. 2A). The GaN substrate 10 is a C-plane substrate, and 
the top surface and the bottom surface of the substrate are a 
Ga-polar surface and an N-polar Surface, respectively. Raw 
material gases employed for formation of the semiconductor 
layer 11 areas follows: ammonia (NH) serving as a nitrogen 
Source, trimethylgallium (Ga(CH)) serving as a Ga Source, 
trimethylindium (In(CH)) serving as an In source, trim 
ethylaluminum (Al(CH)) serving as an Al Source, silane 
(SiH) serving as an n-type doping gas, and cyclopentadi 
enylmagnesium (Mg(C5H5)2) serving as a p-type doping gas. 
H or N is employed as a carrier gas. 
0102) Subsequently, an ITO electrode 15 is formed on the 
p-GaN layer 113 through vapor deposition, followed by 
annealing. Then, the ITO electrode 15 is processed through 
photolithography and wet etching so as to have a predeter 
mined pattern. Subsequently, a portion of the n-layer 111 is 
exposed through photolithography and dry etching. Thereaf 
ter, a resist mask is formed through photolithography, and 
electrode materials are deposited, followed by the lift-off 
process, to thereby formap-electrode 12 on the ITO electrode 
15 and to forman n-electrode 13 on the exposed portion of the 
n-layer 111 so that each of the electrodes has a predetermined 
pattern (FIG. 2B). 
0103 Subsequently, the bottom surface of the GaN sub 
strate 10 is mechanically polished so as to attaina thickness of 
about 185um. Then, the bottom surface is planarized through 
chemical mechanical polishing (CMP) (FIG. 2C). As used 
herein, "planarizing” refers to a step of reducing irregularities 
on the bottom Surface of the growth substrate, and removing 
a damaged layer formed by mechanical polishing. For 
example, colloidal silica particles are employed as an abra 
sive for CMP, and phosphoric acid or the like is employed as 
an etchant. 

I0104 Subsequently, an SiO, mask 14 (thickness: 300 nm) 
is formed on the bottom surface 10b of the GaN substrate 10 
through PECVD, and then the mask 14 is processed through 
photolithography and dry etching so as to have a size of 250 
umx250 um. A resist film 16 is formed on the side of the top 
surface of the GaN substrate 10 so that the above-formed 
layered structure is protected from Subsequent wet etching 
(FIG. 2D). The mask 14 is not necessarily formed through 
PECVD and may be formed from SiO, through sputtering or 
a similar technique. Alternatively, the mask 14 may beformed 
of a material exhibiting corrosion resistance to the etchant, 
Such as oxide film, nitride film, metal film, or resist material. 
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The film for protecting the layered structure from wet etching 
may be, in addition to the aforementioned resist film 16, a film 
formed of, for example, wax; i.e., a material which exhibits 
resistance to an etchant employed and is readily removed 
after completion of etching. 
0105 Subsequently, the GaN substrate 10 is wet-etched 
with phosphoric acid (concentration: 85%) at 150° C. for 90 
minutes. Etching of GaN with phosphoric acid exhibits 
anisotropy, and thus the GaN substrate 10 is etched to a depth 
of about 85 um so as to assume a tapered form (FIG. 2E), 
whereby four tapered surfaces 10a are exposed. Each of the 
tapered Surfaces 10a has one side shared with the quadran 
gular mask 14, and is inclined by about 60° with respect to the 
GaN Substrate 10. Since the bottom Surface 10b of the GaN. 
substrate 10 is planarized through CMP, etching is accurately 
carried out according to the pattern of the mask. Through Such 
wet etching, roughness of the tapered Surfaces 10a is reduced, 
and the GaN substrate is processed at high reproducibility. 
0106. When CMP treatment is carried out insufficiently, a 
damaged layer formed by mechanical polishing is preferen 
tially etched at an initial stage of wet etching, whereby 
scratches are formed. In the presence of the thus-formed 
scratches, phosphoric acid (i.e., etchant) enters a space below 
the mask 14, and the accuracy of patterning is reduced. There 
fore, it should be noted that the bottom surface 10b of the GaN 
Substrate 10 is planarized to a maximum possible extent, and 
that CMP treatment must be carried out so as to appropriately 
remove a mechanically damaged layer. 
0107 Etching rate can be controlled by varying the tem 
perature or concentration of phosphoric acid. The phosphoric 
acid temperature is preferably 100 to 200°C. This is because, 
when the phosphoric acid temperature is 100° C. or lower, 
etching rate is reduced (i.e., etching requires a long period of 
time), whereas when the phosphoric acid temperature is 200° 
C. or higher, the mask 14 may be damaged. The phosphoric 
acid concentration is preferably 1% or more. This is because, 
when the phosphoric acid concentration is less than 1%. 
etching rate is reduced. 
0108. The etchant employed for the aforementioned wet 
etching may be, in addition to phosphoric acid, for example, 
pyrophosphoric acid, mixed acid of phosphoric acid and Sul 
furic acid, potassium hydroxide, or sodium hydroxide. Pref 
erably, the etching depth is 5um or more as measured from 
the bottom surface of the GaN substrate 10, or is 40 to 70% of 
the thickness of the GaN substrate 10. When the etching depth 
is 5um or more, or is 40 to 70% of the thickness of the GaN 
substrate 10, light extraction performance can be further 
improved. When a chip separation portion of the GaN sub 
strate 10 is thinned through etching, Subsequent chip separa 
tion is more readily carried out. The tapered surfaces 10a are 
preferably inclined by 20° to 70° with respect to the GaN. 
substrate 10. When the tapered surfaces 10a are inclined by an 
angle falling within the above range, light extraction perfor 
mance can be further improved. 
0109 Subsequently, the resist film 16 is removed from the 
GaN substrate 10, and scribing and breaking are carried out 
on the side of the top surface of the GaN substrate 10 at a 
position where the above-etched GaN substrate 10 has the 
Smallest thickness, to thereby separate the light-emitting 
device 1 into chips, each having a size of 350 umx350 um 
(FIG. 2F). Since a portion of the GaN substrate 10 is thinned 
through wet etching, chip separation is more readily carried 
out, as compared with conventional cases. 
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0110. The thus-produced light-emitting device 1 was face 
up mounted on a board, and light output was measured. As a 
result, light extraction performance was found to be increased 
by about 10%, as compared with the case of a light-emitting 
device including a GaN substrate 10 whose bottom surface is 
not processed as described above. Since tapering was carried 
out through wet etching, high reproducibility was attained, 
and variation in brightness or light distribution was reduced. 
0111. In Embodiment 1, the GaN substrate 10 is mechani 
cally polished so as to attain a thickness of about 185um. 
However, the thickness of the GaN substrate after mechanical 
polishing is not limited to this value. The same shall apply to 
the below-described embodiments. 

Embodiment 2 

0112 FIG. 3 shows the structure of a face-down-type 
light-emitting device 2 according to Embodiment 2. The 
light-emitting device 2 has a structure including a GaN Sub 
strate 20, a semiconductor layer 11 formed on the top surface 
of the substrate 20, a highly reflective Ag electrode 25, a 
p-electrode 12, and an n-electrode 13. As in the case of the 
light-emitting device 1 according to Embodiment 1, the light 
emitting device 2 has a size of about 350 umxabout 350 um. 
The main difference between the light-emitting device 2 and 
the light-emitting device 1 is attributed to the difference in 
form between the processed GaN substrate 20 and the pro 
cessed GaN substrate 10. 

0113. The GaN substrate 20 is a C-plane substrate having 
a thickness of 185um, and the bottom surface of the substrate 
is an N-polar surface. The GaN substrate 20 has an absorption 
coefficient of 3/cm or less with respect to the wavelength of 
light emitted from the light-emitting device 2. The bottom 
surface 20b of the GaN substrate 20 generally coincides with 
a mask 24 having a size of 20 umx20m. The bottom Surface 
20b of the GaN substrate 20 covered with the mask 24 corre 
sponds to the planar surface of the present invention. The GaN 
substrate 20 has a truncated pyramidal protrusion 200 
between the bottom surface 20b and a depth of about 120 um. 
The protrusion 200 has a quadrangular top surface (corre 
sponding to the bottom surface 20b of the GaN substrate 20) 
and a dodecagonal bottom Surface, in which horizontal cross 
sectional area increases toward the side of the top surface of 
the GaN substrate 20. The GaN substrate 20 assumes a rect 
angular parallelepiped form (size: about 350 umxabout 350 
um, thickness: about 65um) between a depth of about 120 um 
and a depth of 185um as measured from the bottom surface. 
Therefore, a bottom surface 20c parallel to the bottom surface 
20b of the GaN substrate 20 is formed at a depth of about 120 
um as measured from the bottom surface 20b. The bottom 
surface 20c corresponds to “bottom surface parallel to the 
bottom surface of the growth substrate' of the present inven 
tion. The protrusion 200 has a tapered surface 20a which is 
inclined by about 60° with respect to the GaN substrate 20. 
The tapered surface 20a is exposed by virtue of anisotropy in 
wet etching. 
0114. Next will be described a method for producing the 
light-emitting device 2 with reference to FIGS. 4A and 4B. 
The light-emitting device 2 is produced through the same 
procedure as in the case of the light-emitting device 1 accord 
ing to Embodiment 1, except that the ITO electrode 15 is 
replaced with a highly reflective electrode 25, and the step of 
processing the bottom surface of the GaN substrate 20 is 
carried out in a manner different from that described above. 
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Therefore, now will be described only the step of processing 
the bottom surface of the GaN substrate 20, and steps subse 
quent thereto. 
0115. After planarizing of the bottom surface of the GaN 
substrate 20 through CMP, an SiO, mask 24 (thickness: 300 
nm) is formed on the bottom surface of the GaN substrate 20 
through PECVD, and then the mask 24 is processed through 
photolithography and dry etching so as to have a size of 20 
umx20 um. A resist film 26 is formed on the side of the top 
surface of the GaN substrate 20 so that the layered structure is 
protected from subsequent wet etching (FIG. 4A). 
0116. Subsequently, the GaN substrate 20 is wet-etched 
with phosphoric acid (concentration: 85%) at 150° C. to a 
depth of 120 um, to thereby form a truncated pyramidal 
protrusion (FIG. 4B). Thus, a tapered surface 20a is exposed 
by virtue of anisotropy in etching of GaN with phosphoric 
acid. The tapered surface 20a is inclined by about 600 with 
respect to the GaN substrate 20. 
0117 Thereafter, in a manner similar to that of Embodi 
ment 1, the resist film 26 is removed from the GaN substrate 
20, and scribing and breaking are carried out on the side of the 
top surface of the GaN substrate 20 at a predetermined posi 
tion, to thereby separate the-light-emitting device 2 into 
chips, each having a size of 350 umx350 Lum. 
0118. The thus-produced light-emitting device 2 was flip 
chip mounted on a board, and light output was measured. As 
a result, light extraction performance was found to be 
increased by about 15%, as compared with the case of a 
light-emitting device including a GaN substrate 20 whose 
bottom surface is not processed as described above. Similar to 
the case of Embodiment 1, tapering was carried out at high 
reproducibility, and variation in brightness or light distribu 
tion was reduced. 

Embodiment 3 

0119 FIG. 5 shows the structure of a light-emitting device 
3 according to Embodiment 3. Similar to the case of the 
light-emitting device 2 according to Embodiment 2, the light 
emitting device 3 has a structure including a GaN substrate 
30, a semiconductor layer 11 formed on the top surface of the 
substrate 30, a highly reflective electrode 25, ap-electrode 12, 
and an n-electrode 13. As in the case of the light-emitting 
device 2 according to Embodiment 2, the light-emitting 
device 3 has a size of about 350 umxabout 350 Lum. The main 
difference between the light-emitting device 3 and the light 
emitting device 2 is attributed to the difference in form 
between the processed GaN substrate 30 and the processed 
GaN Substrate 20. 
0120. The GaN substrate 30 is a C-plane substrate having 
a thickness of 185um, and the bottom surface of the substrate 
is an N-polar surface. The GaN substrate 30 has an absorption 
coefficient of 3/cm or less with respect to the wavelength of 
light emitted from the light-emitting device 3. The bottom 
surface 30b of the GaN substrate 30 generally coincides with 
a pattern of masks 34 (size: 20 umx20 um each) which are 
arranged in a 6x6 matrix form (see FIG. 6). The bottom 
surface 30b of the GaN substrate 30 covered with the masks 
34 corresponds to the planar Surface of the present invention. 
The GaN substrate 30 has 36 truncated pyramidal protrusions 
300 whose horizontal cross-sectional area increases from the 
bottom surface 30b toward the side of the top surface of the 
GaN substrate 30, and the protrusions 300 are arranged in a 
6x6 matrix form. Each of the protrusions 300 has a tapered 
surface 30a which is inclined by about 60° with respect to the 
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GaN substrate 30. The tapered surface 30a is exposed by 
virtue of anisotropy in wet etching. The 36 truncated pyrami 
dal protrusions, each having the bottom surface 30b of the 
GaN substrate 30 and a tapered surface 30a, correspond to the 
protrusions of the present invention. 
I0121 The light-emitting device 3 can be produced in the 
same procedure as in the light-emitting device 2 according to 
Embodiment 2, except that masks formed on the bottom 
surface 30b of the GaN substrate 30 are arranged in a pattern 
shown in FIG. 6. 
0.122 FIG. 7 shows the results of measurement of light 
distribution characteristics of three flip-chip-mounted light 
emitting devices 3. For comparison, light distribution char 
acteristics of three flip-chip-mounted light-emitting devices, 
each including a substrate 30 having an unprocessed bottom 
surface 30b, were measured (FIG. 8). Comparison between 
FIGS. 7 and 8 shows that the light-emitting devices 3 exhibit 
a Small variation in light intensity with angle, whereas the 
comparative light-emitting devices (each including a Sub 
strate 30 having an unprocessed bottom surface 30b) exhibit 
low light intensity in the vicinity of the center, and a large 
variation in light intensity with angle. These data indicate that 
variation in light distribution can be reduced through tapering 
of the bottom surface 30b of the substrate 30. As is clear from 
FIGS. 7 and 8, a variation in brightness between the three 
light-emitting devices 3 is smaller than that between the three 
comparative light-emitting devices (each including a Sub 
strate 30 having an unprocessed bottom surface 30b). 

Embodiment 4 

I0123 FIG.9 shows the structure of a light-emitting device 
4 according to Embodiment 4. Similar to the case of the 
light-emitting device 1 according to Embodiment 1, the light 
emitting device 4 has a structure including a GaN Substrate 
40, a semiconductor layer 11 formed on the top surface of the 
substrate 40, an ITO electrode 15, a p-electrode 12, and an 
n-electrode 13. As in the case of the light-emitting device 1 
according to Embodiment 1, the light-emitting device 4 has a 
size of about 350 umxabout 350 um. The main difference 
between the light-emitting device 4 and the light-emitting 
device 1 is attributed to the difference in form between the 
processed GaN substrate 40 and the processed GaN substrate 
10. 
0.124. The GaN substrate 40 is a C-plane substrate, and the 
bottom surface of the substrate is an N-polar surface. The 
GaN substrate 40 has an absorption coefficient of 3/cm or less 
with respect to the wavelength of light emitted from the 
light-emitting device 4. The bottom surface 40b of the GaN 
Substrate 40 generally coincides with a mask 44 having in its 
center a square opening (see FIG. 10). The bottom surface 
40b of the GaN substrate 40 covered with the mask 44 corre 
sponds to the planar surface of the present invention. The GaN 
substrate 40 has, in its bottom center portion, a dent 400 
corresponding to the opening of the mask 44. The dent 400 
assumes a truncated quadrangular pyramidal form and 
includes a square bottom surface 40c parallel to the bottom 
surface 40b of the GaN substrate 40 and four tapered surfaces 
4.0a inclined by about 60° with respect to the GaN substrate 
40. Each of the tapered surfaces 4.0a is exposed by virtue of 
anisotropy in wet etching. The depth d of the dent 400 is 
preferably 5 um or more, or 40 to 70% of the thickness d0 of 
the GaN Substrate 40. 
0.125. Next will be described a method for producing the 
light-emitting device 4 with reference to FIGS. 11A to 11C. 
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0126 Firstly, a GaN substrate (C-plane substrate) 40 
whose top Surface is a Ga-polar Surface and whose bottom 
surface is an N-polar surface is provided, and the GaN sub 
strate 40 is thinned through mechanical polishing of the bot 
tom surface 40b. Then, the entire bottom surface 40b of the 
GaN substrate 40 is planarized through dry etching and sub 
sequent high-temperature thermal treatment. As described in 
the aforementioned embodiments, the term “planarizing 
refers to a step of reducing irregularities on the bottom Surface 
40b of the GaN substrate 40, and removing a damaged layer 
formed by mechanical polishing. When the bottom surface 
40b is planarized before formation of a semiconductor layer 
11, Such high-temperature thermal treatment can be carried 
out for planarization. 
0127 Subsequently, an SiO, mask 44 (thickness: 300 nm) 

is formed on the bottom surface 40b of the GaN substrate 40 
through PECVD, and then the mask 44 is processed through 
photolithography and dry etching so as to form a square 
opening. A resist film 46 is formed on the side of the top 
surface of the GaN substrate 40 so that the top surface of the 
substrate is protected from subsequent wet etching (FIG. 
11A). 
0128 Subsequently, the GaN substrate 40 is wet-etched 
with phosphoric acid (concentration: 85%) at 150° C. Etching 
of GaN with phosphoric acid exhibits anisotropy, and thus the 
GaN substrate 40 is etched to have a tapered form, whereby a 
square bottom surface 40c and four tapered surfaces 4.0a are 
exposed. Each of the tapered surfaces 4.0a is inclined by about 
60° with respect to the GaN substrate 40. The bottom surface 
40c and the four tapered surfaces (side surfaces) 4.0a form a 
truncated quadrangular pyramidal dent 400 having a depth d. 
Thereafter, the resist film 46 is removed from the GaN Sub 
strate 40 (FIG. 11B). 
0129. Subsequently, an in-layer 111, an MQW layer 112, 
and a p-layer 113 are stacked on the top surface of the GaN 
substrate 40 through MOCVD, to thereby form a semicon 
ductor layer 11. Then, an ITO electrode 15 is formed on the 
p-GaN layer 113 through vapor deposition, followed by 
annealing. The ITO electrode 15 is processed through photo 
lithography and wet etching so as to have a predetermined 
pattern. Thereafter, a portion of the n-layer 111 is exposed 
through photolithography and dry etching, followed by the 
lift-off process, to thereby form a p-electrode 12 on the ITO 
electrode 15 and to form an n-electrode 13 on the exposed 
portion of the n-layer 111 so that each of the electrodes has a 
predetermined pattern (FIG. 11C). 
0130. Subsequently, scribing and breaking are carried out 
at a predetermined position of the GaN substrate 40, to 
thereby separate the light-emitting device 4 into chips, each 
having a size of 350 umx350 um. 
0131 The light-emitting device 4 produced through the 
above-described procedure also exhibits improved light 
extraction performance, by virtue of the tapered surfaces 40a. 
0.132. In the production method described in Embodiment 
4, the planarizing step, the wet etching step, and the semicon 
ductor layer formation step are carried out in this sequence. 
However, the planarizing step may be followed by the semi 
conductor layer formation step, and Subsequently followed 
by the wet etching step. The aforementioned planarizing step 
employing dry etching and high-temperature thermal treat 
ment may be replaced with a planarizing step employing 
CMP. 
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0.133 Wet etching of GaN with phosphoric acid employed 
in all the aforementioned embodiments will next be described 
in detail with reference to FIG. 12. 
0.134 FIG. 12 schematically shows the sequence of stages 
of phosphoric acid wet etching of a GaN substrate 60 
(C-plane Substrate) having, on its N-polar Surface, a mask 64 
having an opening. FIG. 12A shows an initial stage of etch 
ing; FIG. 12B shows an intermediate stage of etching; and 
FIG. 12C shows a final stage of etching. 
I0135. As shown in FIG. 12A, at an initial stage of etching 
of the GaN substrate 60, a bottom surface 60c parallel to the 
bottom surface of the GaN substrate 60 is exposed, and a 
continuous tapered surfaces 60a are exposed between the 
bottom surface 60c and a surface 60b protected by the mask 
64. The tapered surfaces 60a are formed so as to be inclined 
by about 60° with respect to the GaN substrate 60. 
0.136. Since etching proceeds while the tapered surfaces 
60a which are inclined by about 60° with respect to the 
GaN substrate 60—are maintained, as shown in FIG.12B, the 
tapered surfaces 60a extend and the area of the bottom surface 
60c decreases in accordance with an increase in etching 
depth. 
0.137 When etching further proceeds, as shown in FIG. 
12C, the bottom surface 60c diminishes and disappears, and 
the thus-extended tapered surfaces 60a togetherform a trench 
having a V-shape as viewed in cross section. At the time of 
formation of such a V-shaped trench, etching is inhibited from 
proceeding. Therefore, even if the etching time is further 
prolonged, virtually no change is observed in etching depth or 
form of an etched portion. 
0.138. Thus, when etching is carried out for a sufficiently 
long period of time, the form of the etched portion no longer 
varies with etching time. Therefore, the form of the etched 
portion depends only on the pattern of a mask employed; i.e., 
the pattern of the mask generally determines the form of the 
etched portion. 
0.139. As described above, in the case of wet etching of 
GaN with phosphoric acid, the form of an etched portion can 
be varied by tuning the etching time. When etching is carried 
out for a sufficiently long period oftime, the form of an etched 
portion can be determined only by the pattern of a mask 
employed. Thus, variation inform of etched portions between 
devices can be reduced. In the case of etching with phosphoric 
acid, a tapered Surface is exposed, regardless of mask pattern. 
Therefore, a mask having a predetermined pattern including a 
free curve may be employed for etching of GaN for exposure 
of a tapered Surface. 
0140. As described below, a method in which etching is 
carried out for a sufficiently long period of time and the form 
of an etched portion is controlled only by the pattern of a mask 
may be applied to, for example, the light-emitting device 
according to embodiment 3 shown in FIG. 5. As shown in 
FIG. 13, an SiO, mask34 is formed on the bottom surface 30b 
of a GaN substrate 30. In this case, the mask 34 is formed to 
have a pattern such that the area and width w2 of second 
openings 342 of the mask34—which openings correspond to 
separation regions (second trenches) 310 that are located at 
separation lines 330 for separating the device into chips—are 
greater than the area and width w1 of first openings 341 of the 
mask 34 corresponding to first trenches 320 which are 
removed through etching. With this mask pattern, etching can 
be carried out so that the depth d1 of the separation regions 
(second trenches) 310 is greater than the depth d2 of the first 
trenches 320 located between protrusions 300. Thus, the pro 
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trusions 300 and the separation regions (second trenches) 310 
for chip separation can be formed through only a single etch 
ing step employing the mask 34 having openings of different 
sizes, which facilitates production of the device. 
0141. In this case, when wet etching is allowed to proceed 

until etching eventually stops, the first trenches 320 and the 
separation regions (second trenches) 310 assume a sharp 
pointed V-shape as viewed in a cross section perpendicular to 
the bottom surface 30b of the GaN substrate 30. The depth of 
the V-shaped separation regions 310 can be controlled to be 
greater than that of the V-shaped first trenches 320. Since 
etching automatically stops upon completion of formation of 
the V-shaped trenches, devices having trenches of uniform 
depth are produced; i.e., the devices exhibit uniform charac 
teristics. 
0142. As shown in FIG. 14A, when a plurality of V-shaped 

first trenches 320 of different depths are formed between 
protrusions 300, the depth profile of the V-shaped first 
trenches 320 can be controlled by modifying the sizes of first 
openings 341 of the mask 34 for forming the first trenches 
320. Thus, the protrusions 300, which are provided for further 
improvement of light extraction performance, are readily 
designed and produced. 
0143. As shown in FIG. 14B, formation of first trenches 
320 and separation regions (second trenches) 310 may be 
controlled by the etching time. In this case, the etching time is 
determined so that, at the time of termination of etching, the 
first trenches 320 assume a V-shape as viewed in a cross 
section perpendicular to the bottom surface of the substrate. 
The depth of the separation regions (second trenches) 310 is 
controlled by the etching time. The separation regions 310, 
each having tapered side Surfaces, may have a planar bottom. 
Light output characteristics of a light-emitting device are 
affected by the depth of the first trenches 320, and devices 
having first trenches 320 of uniform depth (depth profile) 
exhibit uniform performance. Therefore, this etching process 
may be employed for device production, so long as first 
trenches 320 having a uniform depth are formed. 
0144. In all the aforementioned embodiments, a GaN sub 
strate is employed as a growth Substrate. However, the present 
invention is not limited thereto, and any Substrate may be 
employed so long as it is made of a Group III nitride semi 
conductor. Although a C-plane Substrate is employed in the 
aforementioned embodiments, the C-plane substrate may be 
replaced with, for example, an R-plane Substrate, an M-plane 
Substrate, or an A-plane Substrate. 
0145. In Embodiments 1 to 3, the planarizing step employ 
ing CMP and the wet etching step are carried out after for 
mation of semiconductor layers. However, the planarizing 
step employing CMP may be followed by formation of semi 
conductor layers, and subsequently followed by the wet etch 
ing step. Alternatively, semiconductor layers may be formed 
after the planarizing step employing CMP and the wet etching 
step. When the planarizing step is carried out before forma 
tion of semiconductor layers, as in the case of Embodiment 4. 
CMP may be replaced with dry etching and high-temperature 
thermal treatment for planarization. Similar to the cases of 
Embodiments 1 to 3, in Embodiment 4, the planarizing step 
employing CMP and the wet etching step may be carried out 
after formation of semiconductor layers. 
0146 The structure of a semiconductor layer or electrode 
formed on the top surface of a growth substrate is not limited 
to that described in the aforementioned embodiments, and 
there may be employed any of various structures which have 
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hitherto been known as the structures of semiconductor layers 
or electrodes of light-emitting devices. For example, there 
may be employed a top-bottom electrode structure in which 
an n-electrode is formed on the bottom surface of a growth 
substrate. 

0.147. In the aforementioned embodiments, the mask 
employed in the wet etching step is not removed. However, 
the mask may be removed after the wet etching step. Alter 
natively, the mask may be formed of a metal having high 
corrosion resistance (e.g., Pt or Ir), and the metal mask may be 
left as is and employed as an n-type electrode, to thereby 
produce a light-emitting device having a top-bottom elec 
trode structure. 

0.148. The etching pattern of the bottom surface of a 
growth substrate is not limited to that described in the afore 
mentioned embodiments. No particular limitation is imposed 
on the etching pattern, so long as the etched growth substrate 
has a tapered surface. Light distribution may be controlled by 
the form of the processed bottom surface of the growth sub 
strate; i.e., the pattern of a mask formed on the bottom Surface 
of the growth substrate. Since the bottom surface of the 
growth Substrate is processed to have a tapered form, a chip 
must be prevented from being inclined during wire bonding 
of a face-up-type light-emitting device. Therefore, the mask 
formed on the bottom surface of the growth substrate prefer 
ably has a pattern which allows the center of a pad to fall 
within an outwardly convex region defined by a closed curve, 
the region including the entire pattern of the mask and having 
the smallest possible area. 
014.9 FIG. 15 shows an example of a mask pattern formed 
so that a chip is not inclined during wire bonding. This mask 
pattern corresponds to square masks 51 which are formed on 
the bottom surface of a GaN substrate 50 and are arranged in 
a 4x4 matrix form. Pad regions 52 and 53 respectively corre 
spond to a round-cornered quadrangular portion defined by a 
dotted line and a circular portion defined by a dotted line, and 
the centers of the pad regions 52 and 53 correspond to pad 
center positions 52a and 53a, respectively. The shaded region 
shown in FIG. 15 is an outwardly convex region 54 which 
includes all the 16 square masks 51, which is defined by a 
closed curve, and which has the smallest possible area. The 
mask pattern allows the pad center positions 52a and 53a to 
fall within the region 54. Therefore, the mask pattern can 
prevent a chip from being inclined during wire bonding. 
0150. The light-emitting device of the present invention is 
applicable to, for example, a display apparatus or an illumi 
nation apparatus. 

What is claimed is: 
1. A method for producing a light-emitting device compris 

ing a Group III nitride semiconductor growth Substrate, and a 
Group III nitride semiconductor layer stacked on the top 
Surface of the growth Substrate, the method comprising: 

planarizing the bottom Surface of the growth Substrate; 
Subsequently, forming a mask having a predetermined pat 

tern on the bottom surface of the growth substrate; and 
wet-etching the bottom surface of the growth substrate, to 

thereby form an embossment including a portion of the 
bottom surface of the growth substrate, the portion being 
a planar Surface, and a tapered Surface which extends 
from the periphery of the planar surface and are inclined 
with respect to the growth substrate. 
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2. A method for producing a light-emitting device accord 
ing to claim 1, wherein the bottom surface of the growth 
Substrate is planarized through chemical mechanical polish 
1ng. 

3. A method for producing a light-emitting device accord 
ing to claim 1, wherein wet etching is carried out to a depth of 
5 um or more as measured from the bottom surface of the 
growth Substrate. 

4. A method for producing a light-emitting device accord 
ing to claim 1, wherein wet etching is carried out to a depth 
which is 40 to 70% of the thickness of the growth substrate. 

5. A method for producing a light-emitting device accord 
ing to claim 1, wherein the tapered surface is inclined by 20° 
to 70° with respect to the growth substrate. 

6. A method for producing a light-emitting device accord 
ing to claim 1, wherein the tapered surface is inclined by 60° 
with respect to the growth substrate. 

7. A method for producing a light-emitting device accord 
ing to claim 1, wherein wet etching is carried out by use of 
phosphoric acid. 

8. A method for producing a light-emitting device accord 
ing to claim 1, wherein the growth Substrate is a C-plane 
substrate, and the bottom surface of the growth substrate is an 
N-polar surface. 

9. A method for producing a light-emitting device accord 
ing to claim 1, wherein the growth substrate is a GaN sub 
Strate. 

10. A method for producing a light-emitting device accord 
ing to claim 1, wherein the embossment comprises one or 
more protrusions. 

11. A method for producing a light-emitting device accord 
ing to claim 1, wherein the embossment comprises one dent 
provided at the center of the bottom surface of the growth 
substrate. 

12. A method for producing a light-emitting device accord 
ing to claim 1, wherein the embossment has a bottom Surface 
which is parallel to the bottom surface of the growth substrate. 

13. A method for producing a light-emitting device accord 
ing to claim 1, wherein the embossment comprises a plurality 
of protrusions, and a first trench between adjacent protrusions 
is formed through wet etching which is allowed to proceed 
until etching eventually stops, so that the trench assumes a 
V-shape as viewed in cross section perpendicular to the bot 
tom surface of the growth substrate. 

14. A method for producing a light-emitting device accord 
ing to claim 13, wherein the depth of first trenches is varied by 
modifying the size of a plurality of first openings provided in 
the mask for forming the first trenches. 

15. A method for producing a light-emitting device accord 
ing to claim 1, wherein the embossment comprises a plurality 
of protrusions; and both the first trench, which is provided 
between adjacent protrusions and assumes a V-shape as 
viewed in a cross section perpendicular to the bottom Surface 
of the growth Substrate, and a second trench which has a depth 
greater than that of the first trench and is employed for sepa 
rating the light-emitting device into chips are formed through 
single-step wet etching via a first opening provided in the 
mask for forming the first trench and a second opening pro 
vided in the mask for forming the second trench, the second 
opening being greater in size than the first opening. 

16. A method for producing a light-emitting device accord 
ing to claim 15, wherein the first and second trenches are 
formed through wet etching which is allowed to proceed until 
etching eventually stops, so that the second trench assumes a 
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V-shape as viewed in a cross section perpendicular to the 
bottom surface of the growth substrate. 

17. A method for producing a light-emitting device accord 
ing to claim 1, wherein the light-emitting device is of a face 
up type, and the mask has a pattern which allows the center of 
a pad to fall within an outwardly convex region defined by a 
closed curve, the region including the entire pattern of the 
mask and having the Smallest possible area. 

18. A method for producing a light-emitting device accord 
ing to claim 1, wherein the growth substrate has an absorption 
coefficient of 3/cm or less with respect to light emitted from 
the light-emitting device. 

19. A light-emitting device comprising a Group III nitride 
semiconductor growth Substrate, and a Group III nitride semi 
conductor layer stacked on the top surface of the growth 
Substrate, wherein the growth Substrate has an embossment 
including a portion of the bottom surface of the growth sub 
strate, the portion being a planar Surface, and a tapered Sur 
face which extends from the periphery of the planar surface 
and is inclined with respect to the growth substrate; and the 
tapered surface is formed through wet etching. 

20. A light-emitting device according to claim 19, wherein 
the tapered Surface is formed so as to attain a depth of 5um or 
more as measured from the bottom surface of the growth 
substrate. 

21. A light-emitting device according to claim 19, wherein 
the tapered Surface is formed so as to attain a depth which is 
40 to 70% of the thickness of the growth substrate. 

22. A light-emitting device according to claim 19, wherein 
the tapered surface is inclined by 20° to 70° with respect to the 
growth Substrate. 

23. A light-emitting device according to claim 19, wherein 
the tapered surface is inclined by 60° with respect to the 
growth Substrate. 

24. A light-emitting device according to claim 19, wherein 
the growth substrate is a GaN substrate. 

25. A light-emitting device according to claim 19, wherein 
the growth substrate is a C-plane substrate, and the bottom 
surface of the growth substrate is an N-polar surface. 

26. A light-emitting device according to claim 19, wherein 
the embossment comprises one or more protrusions. 

27. A light-emitting device according to claim 19, wherein 
the embossment comprises one dent provided at the center of 
the bottom surface of the growth substrate. 

28. A light-emitting device according to claim 19, wherein 
the embossment has a bottom surface which is parallel to the 
bottom surface of the growth substrate. 

29. A light-emitting device according to claim 19, wherein 
the embossment comprises a plurality of protrusions, and a 
first trench formed between adjacent protrusions assumes a 
V-shape as viewed in a cross section perpendicular to the 
bottom surface of the growth substrate. 

30. A light-emitting device according to claim 29, wherein 
a plurality of first trenches have different depths. 

31. A light-emitting device according to claim 19, wherein 
the embossment comprises a plurality of protrusions, and 
includes a first trench which is formed between adjacent 
protrusions and assumes a V-shape as viewed in a cross sec 
tion perpendicular to the bottom surface of the growth sub 
strate, and a side Surface of a second trench which has a depth 
greater than that of the first trench and is formed at a position 
at which the light-emitting device is separated into chips. 
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32. A light-emitting device according to claim 31, wherein 
the second trench assumes a V-shape as viewed in a cross 
section perpendicular to the bottom surface of the growth 
substrate. 

33. A light-emitting device according to claim 19, wherein 
the light-emitting device is of a face-up type, and the mask has 
a pattern which allows the center of a pad to fall within an 
outwardly convex region defined by a closed curve, the region 
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including the entire pattern of the mask and having the Small 
est possible area. 

34. A light-emitting device according to claim 19, wherein 
the growth substrate has an absorption coefficient of 3/cm or 
less with respect to light emitted from the light-emitting 
device. 


