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facturing the semiconductor light-emitting device includes a 
mask layer etching process on ?rst and second mask layers 
provided on a Group-Ill nitride-based compound semicon 
ductor substrate, the mask layer With a higher etching rate 
being closer to the p-type semiconductor layer; a semicon 
ductor layer etching process; a side-etching process that 
selectively etches the side of the mask layer With the high 
etching rate to de?ne a groove portion With a portion of the 
p-type semiconductor layer exposed; a ZrO2 ?lm forming 
process that forms a ZrO2 ?lm so as to cover the exposed 
p-type semiconductor layer; an A1203 ?lm forming process 
that forms an A1203 ?lm so as to cover the ZrO2 ?lm; a mask 
layer removing process; and an electrode layer forming pro 
cess. The method for manufacturing the semiconductor light 
emitting device increases the yield of lift-off With respect to 
the p-type semiconductor layer and can produce a semicon 
ductor light-emitting device With an improved voltage resis 
tance. 
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Fig . 7 
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METHOD FOR MANUFACTURING A 
SEMICONDUCTOR LIGHT-EMITTING 
DEVICE AND SEMICONDUCTOR 

LIGHT-EMITTING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a method for manu 
facturing a semiconductor light-emitting device equipped 
With a semiconductor light-emitting element and to a semi 
conductor light-emitting device. 
[0003] 2. Description of the Related Art 
[0004] Conventionally, a semiconductor light-emitting 
device composed of a Group-III nitride-based compound 
semiconductor expressed by AlxGayInl _x_yN (Where, Oéxé 1 ; 
Oéyé 1; 0§x+y§1) has been manufactured as follows. 
[0005] FIG. 7 shoWs a schematic block diagram ofa semi 
conductor light-emitting device obtained by a conventional 
manufacturing method. 
[0006] In a conventional process of manufacturing a semi 
conductor light-emitting device, an SiO2 ?lm is formed on the 
top surface of p-GaN contact layer 46 of a semiconductor 
substrate having n-GaN contact layer 41, n-AlGaN clad layer 
42, n-GaN guide layer 43, InGaN/GaN active layer 44, p-Al 
GaN electronic block layer 55, p-GaN guide layer 56, p-Al 
GaN clad layer 45, and p-GaN contact layer 46 successively 
arranged on a substrate 40. Thereafter, striped resist patterns 
are formed on the SiO2 ?lm. 
[0007] Next, With the resist pattems used as a mask, the 
SiO2 ?lm is etched. Thereafter, the resist patterns are peeled 
off. With the resist pattern of an SiO2 ?lm exposed by peeling 
off the resist pattern used as the mask, etching is carried out on 
the p-GaN contact layer 46 and p-AlGaN clad layer 45 as Well 
as part of the p-GaN guide layer 56. 
[0008] Then, in order to form the subsequent n-type elec 
trode layer, the n-GaN contact layer 41 is removed by dry 
etching so as to expose a portion of the n-GaN contact layer 
41. An insulation ?lm 47 is provided to cover the surface of 
the semiconductor layer including the p-AlGaN clad layer 45 
and the p-GaN contact layer 46 together With the resist pattern 
of the SiO2 ?lm. The insulation ?lm 47 may be either a ZrO2 
?lm or an A1203 ?lm. 
[0009] Thereafter, the SiO2 ?lm is removed together With 
the insulation ?lm 47 by a hydro?uoric acid treatment. In 
addition, the insulation ?lm 47 at the portion Where the n-type 
electrode layer is later vapor-deposited is removed by dry 
etching and the n-GaN contact layer 41 is exposed. 
[0010] Then, a p-type electrode layer 48 is provided to 
cover the top surface 52 of the p-GaN contact layer 46 
exposed by removal of the insulation ?lm 47. In addition, an 
n-type electrode layer 49 is provided on the exposed top layer 
of the n-GaN contact layer 41, and the substrate 40 and all of 
the layers are cleaved to obtain a semiconductor light-emit 
ting device 500 (for example, see Japanese Unexamined 
Patent publications 2000-312051 and 2003-142769). 
[0011] The conventional semiconductor light-emitting 
device 500 obtained in this Way includes, in a semiconductor 
light-emitting device composed of a Group-III nitride-based 
compound semiconductor expressed by AlxGayIn1_x_yN 
(Where, 02x21; Oéyél; 0§x+y§1), substrate 40, n-GaN 
contact layer 41 as an n-type semiconductor layer arranged on 
the substrate 40, n-AlGaN clad layer 42 and n-GaN guide 
layer 43, InGaN/GaN active layer 44 as an active layer 
arranged on the n-GaN guide layer 43, p-AlGaN electronic 
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block layer 55 Which is located on the InGaN/GaN active 
layer 44 and serves as a p-type semiconductor layer With a 
mesa portion 53 protruding above the InGaN/GaN active 
layer 44, p-GaN guide layer 56, p-AlGaN clad layer 45 and 
p-GaN contact layer 46, insulation ?lm 47 that covers the 
mesa portion 53 so as to expose the top surface 52 of the mesa 
portion 53, p-type electrode layer 48 as an electrode layer 
Which covers the mesa portion 53 from above the insulation 
?lm 47 and electrically connects to the p-GaN contact layer 
46, and an n-type electrode layer 49 Which electrically con 
nects to the n-GaN contact layer 41. 
[0012] HoWever, if a ZrO2 ?lm is used as the insulation ?lm 
47, the ZrO2 ?lm easily comes off because it has poor adhe 
sion With respect to Pd/Au serving as the p-type electrode 
layer. On the other hand, if an A1203 ?lm is used as the 
insulation ?lm 47, While the A1203 ?lm provides good adhe 
sion With respect to Pd/Au serving as the p-type electrode 
layer, there exists a large difference betWeen the refraction 
index of A1203 ?lm (refraction index: 1.8) and the refraction 
index of p-GaN contact layer 46 (refraction index: 2.5). This 
excessively increases the locked-in effect of the light emitted 
in the InGaN/GaN active layer 44. 
[0013] If the locked-in effect of the light is excessively 
increased, light is concentrated in the vicinity of the middle of 
the mesa portion 53. This makes the refraction index even 
higher in the vicinity of the middle of the mesa portion 53, 
Which in turn causes generation of an undesirable transverse 
mode, resulting in an unstable kink level. That is, it becomes 
dif?cult to generate single-transverse-mode oscillation by 
optimiZing the design of the Width of mesa portion 53 alone. 
[0014] Furthermore, although there is a method to make the 
A1203 ?lm suf?ciently thinner than the light-emitting Wave 
length, if theAl2O3 ?lm is too thin, it is unable to keep the ?lm 
uniform, making it impossible to maintain adhesion to Pd/Au. 
[0015] Furthermore, because in the conventional method of 
manufacturing a semiconductor light-emitting device, When 
the insulation ?lm 47 is formed, the insulation ?lm 47 com 
pletely covers the SiO2 ?lm and penetration of the etchant into 
the SiO2 ?lm is blocked. Consequently, the lift-off yield With 
respect to the p-GaN contact layer 46, Which is the p-type 
semiconductor layer, is excessively loW. 
[0016] In addition, because in the semiconductor light 
emitting device manufactured by a conventional method, the 
insulation ?lm 47 is provided only on the side surface of the 
mesa portion 53 and the p-type electrode layer 48 shoWn in 
FIG. 7 comes in contact With the entire top surface 52 of the 
mesa portion 53. Consequently, in the event that the semicon 
ductor light-emitting device 500 is driven, as shoWn by the 
arroWs, current from the p-type electrode layer 48 is likely to 
How to the vicinity of the side surface of the mesa portion 53 
and an electric ?eld is concentrated at the edge portion 54 of 
the mesa portion 53. The electric ?eld concentration at the 
edge portion 54 of the mesa portion 53 may damage the 
semiconductor light-emitting device 500. 

SUMMARY OF THE INVENTION 

[0017] In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
semiconductor light-emitting device Which minimiZes the 
electric ?eld concentration at the edge portion of the mesa 
portion on the p-type semiconductor layer by electric current 
from the p-type electrode layer so as improve voltage resis 
tance, achieve good adhesion betWeen the insulation ?lm and 
the p-type electrode layer, and a stabiliZed kink level. Fur 



US 2009/0090923 A1 

ther'more, preferred embodiments of the present invention 
provide a method for manufacturing a semiconductor light 
emitting device Which can increase the lift-off yield With 
respect to the p-type semiconductor layer. 
[0018] The inventor of preferred embodiments of the 
present invention has been able to provide a gap in the insu 
lation ?lm by providing ?rst and second mask layers Wherein 
the ?rst mask layer closer to the p-type semiconductor layer 
has a higher etching rate. Furthermore, the tWo layer insula 
tion ?lm includes a ZrO2 ?lm and an A1203 ?lm. 

[0019] Speci?cally, the method for manufacturing a semi 
conductor light-emitting device according a preferred 
embodiment of the present invention includes a mask-layer 
forming process that forms the ?rst and second mask layers 
Wherein the ?rst mask layer closer to a p-type semiconductor 
layer has a higher etching rate, the Group-III nitride-based 
compound semiconductor Whose n-type semiconductor 
layer, active layer, and p-type semiconductor layer are 
arranged in sequence on a substrate are expressed as A1,, 
GayIn1_x_yN (Where, Oéxél; Oéyél; 0§x+y§l); a mask 
layer etching process that forms speci?ed resist patterns on 
the tWo mask layers by etching both mask layers With the 
resist patterns used as mask, and then, peeling the resist 
patterns from the tWo mask layers; a semiconductor layer 
etching process that etches the p-type semiconductor layer 
With the resist patterns of the tWo mask layers as a mask; a 
side-etching process that selectively etches the side of the ?rst 
mask layer having the higher etching rate of the tWo mask 
layers after the semiconductor layer etching process and that 
forms a groove portion With a portion of the p-type semicon 
ductor layer exposed; a ZrO2 ?lm forming process that forms 
a ZrO2 ?lm so as to cover the p-type semiconductor layer 
exposed in the groove portion formed by the side-etching 
process; an A1203 ?lm forming process that forms an A1203 
?lm so as to cover the ZrO2 ?lm formed by the ZrO2 ?lm 
forming process; a mask layer removing process that removes 
the remaining tWo mask layers from the p-type semiconduc 
tor layer after the A1203 ?lm forming process; and an elec 
trode layer forming process that forms an electrode layer so as 
to cover the entire surface of the p-type semiconductor layer 
exposed by the mask layer removing process. 
[0020] By forming the ?rst and second mask layers Wherein 
the ?rst mask layer closer to the p-type semiconductor layer 
has a higher etching rate in the mask layer forming process, it 
becomes possible to form a groove portion on the relevant 
side by selectively etching the side surface of the mask layer 
having a higher etching rate in the side etching process. In the 
ZrO2 ?lm forming process and the A1203 ?lm forming pro 
cess, the groove portion is formed such that the groove shields 
the ZrO2 ?lm andAl2O3 ?lm and the ZrO2 ?lm andAl2O3 ?lm 
only partially enter the groove portion. Consequently, it 
becomes possible to provide a gap in an insulation ?lm so as 
to prevent the ZrO2 ?lm and A1203 ?lm from covering the 
entire surface of the mask layer. Therefore, in the event that 
the tWo mask layers are removed from the p-type semicon 
ductor layer in the subsequent process, the tWo mask layers 
can be removed at the cut line. Consequently, it is possible to 
increase the lift-off yield from the p-type semiconductor 
layer. In addition, by alloWing the ZrO2 ?lm and the A1203 
?lm to enter the groove portion, the edge portion of the mesa 
portion on the p-type semiconductor layer formed in the 
semiconductor layer etching process is covered by the ZrO2 
?lm and the A1203 ?lm to minimize concentration of an 
electric ?eld at the relevant bridge portion, and a semicon 
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ductor light-emitting device can be manufactured With 
improved voltage resistance. Furthermore, by forming a tWo 
layer insulation ?lm With the ZrO2 ?lm as the loWer layer and 
the A1203 ?lm as the upper layer by the ZrO2 ?lm forming 
process and the A1203 ?lm forming process, adhesion 
betWeen the p-type electrode layer and the insulation ?lm is 
improved by the upper layer A1203 ?lm, and by achieving 
consistency betWeen the refraction index of the ZrO2 ?lm and 
the refraction index of the p-type semiconductor layer by the 
loWer-layer ZrO2 ?lm, locked-in effects of light can be alle 
viated. As a result, a semiconductor light-emitting device 
having a stabilized kink level can be manufactured. 

[0021] In the mask layer forming process of the method for 
manufacturing a semiconductor light-emitting device, it is 
desirable that the etching rate ratio of one layer to the other 
layer of the tWo mask layers is 5 or more. In addition, it is 
more preferable that the etching rate ratio of one layer to the 
other layer of the tWo mask layers is 10 or more. 
[0022] By setting the etching rate ratio of the tWo mask 
layers to 5 or more, the etching rate in the side etching process 
of the mask layer With the loWer etching rate can be decreased 
to an extremely small amount and the depth of the groove 
portion can be adjusted. Consequently, in the ZrO2 ?lm form 
ing process and A1203 ?lm forming process, su?icient entry 
rates of the ZrO2 ?lm and the A1203 ?lm can be achieved and 
the effects of minimizing the concentration of an electric ?eld 
at the edge portion of the mesa portion on the p-type semi 
conductor layer can be increased. 

[0023] In addition, it is preferable that in the mask layer 
forming process of the method for manufacturing the semi 
conductor light-emitting device, the mask layer With the 
higher etching rate of the tWo mask layers is an oxide or 
nitride formed by spin-coating, heat-hardening, ultraviolet 
curing after spin-coating, or laser ablation, and the mask layer 
With the loWer etching rate of the tWo mask layers is an oxide 
or nitride formed by sputtering or plasma enhanced chemical 
vapor deposition. 
[0024] By forming the tWo mask layers by any of the above 
mentioned oxides or nitrides, a su?icient difference can be 
achieved betWeen the etching rates, and the etching rate in the 
side etching process of the mask layer With the loWer etching 
rate can be decreased to an extremely small amount and the 
depth of the groove portion can be adjusted in the side etching 
process. Consequently, in the ZrO2 ?lm forming process and 
A1203 ?lm forming process, su?icient entry rates of the ZrO2 
?lm and the A1203 ?lm can be achieved and the effects of 
minimizing the concentration of an electric ?eld at the edge 
portion of the mesa portion on the p-type semiconductor layer 
can be increased. 

[0025] In addition, the layer thickness of the mask layer 
With the higher etching rate is from about 10 nm to about 500 
nm in the mask layer forming process of the method for 
manufacturing the semiconductor light-emitting device. 
[0026] By making the layer thickness of the mask layer 
With the higher etching rate from about 10 nm to about 500 
nm in the mask layer forming process, it is possible to angle 
the inner side Wall surface along the edge of the top surface of 
the mesa portion of the ZrO2 ?lm and the A1203 ?lm to 
toWards the top of the mesa portion. Consequently, it becomes 
possible to manufacture a semiconductor light-emitting 
device With minimized stress concentration that occurs 
betWeen the ZrO2 ?lm and the A1203 ?lm and the top surface 
of the mesa portion. In addition, in the event that a mask layer 
With a loW etching rate is formed by sputtering or plasma 
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enhanced chemical vapor deposition, it is possible to allow 
the mask layer With the higher etching rate to have effects to 
alleviate plasma damage to the p-type semiconductor layer. 
[0027] In addition, a semiconductor light-emitting device 
according to a preferred embodiment of the present invention 
is a semiconductor light-emitting device composed of a 
Group-III nitride-based compound semiconductor expressed 
by AlxGayInHHN (Where, Oéxé l; Oéyé l; 0§x+y§ l) and 
has a substrate, an n-type semiconductor layer arranged on 
the substrate, an active layer arranged on the n-type semicon 
ductor layer, a p-type semiconductor layer arranged on the 
active layer and having a mesa portion formed so as to pro 
trude above the active layer, a ZrO2 ?lm that covers the mesa 
portion from the inner side along the edge of the top surface 
to the side surface of the mesa portion so as to expose the top 
surface of the mesa portion, an Al2O3 ?lm that covers the 
ZrO2 ?lm so to expose the top surface of the mesa portion, and 
an electrode layer that covers the mesa portion from above the 
ZrO2 ?lm and the A1203 ?lm and electrically connects to the 
p-type semiconductor layer. 
[0028] By covering the mesa portion With the ZrO2 ?lm and 
the A1203 ?lm from the inner side along the edge of the top 
surface to the side surface of the mesa portion so as to expose 
the top surface of the mesa portion, it is possible to minimiZe 
an electric ?eld concentration at the edge portion of the mesa 
portion on the p-type semiconductor layer by the current from 
the electrode layer and improve the voltage resistance. Con 
sequently, the semiconductor light-emitting device according 
to preferred embodiments of the present invention can pro 
vide a high output. Furthermore, by forming an insulation 
?lm having tWo layers including a loWer ZrO2 ?lm and an 
upper Al2O3 ?lm, the semiconductor light-emitting device 
according to the present preferred embodiment has the adhe 
sion betWeen the p-type electrode layer and the insulation 
layer improved by the upper-layer Al2O3 ?lm, and by achiev 
ing consistency betWeen the refraction index of the ZrO2 ?lm 
and the refraction index of the p-type semiconductor layer by 
the loWer-layer ZrO2 ?lm, locked-in effects of light can be 
alleviated. As a result, a semiconductor light-emitting device 
having a stabiliZed kink level can be manufactured. 

[0029] In addition, in the semiconductor light-emitting 
device, it is preferable that the inner side Wall surface along 
the edge of the top surface of the mesa portion of the ZrO2 ?lm 
and the A1203 ?lm is angled toWards the top of the mesa 
portion. 
[0030] By angling the inner side Wall surface along the top 
surface of the mesa portion of the ZrO2 ?lm and the A1203 
?lm toWards the top of the mesa portion, a smooth curve is 
achieved from the top surface of the mesa portion to the Wall 
surface and no stress concentration due to a difference of 
thermal expansion ratios occurs betWeen the ZrO2 ?lm and 
the A1203 ?lm. Consequently, the semiconductor light-emit 
ting device according to the present preferred embodiment 
has a long service life. 
[0031] In addition, in the semiconductor light-emitting 
device, it is preferable that the Wall surface is formed in a 
tWo-step tiered structure. 
[0032] By making the inner side Wall surface along the top 
surface of the mesa portion of the ZrO2 ?lm and the A1203 
?lm, the thickness of the mesa portion of the ZrO2 ?lm and the 
A1203 ?lm betWeen the edge portion of the mesa portion and 
the electrode layer can be increased. Consequently, suf?cient 
insulation betWeen the electrode layer and the edge portion of 
the mesa portion by the ZrO2 ?lm and the A1203 ?lm is 
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achieved and minimiZing effects of electric ?eld concentra 
tion at the edge portion of the mesa portion on the p-type 
semiconductor layer can be increased. 

[0033] Furthermore, in the semiconductor light-emitting 
device, it is preferable that the Width from the edge of the top 
surface of the mesa portion Where the ZrO2 ?lm and the A1203 
?lm come in contact With the top surface of the mesa portion 
is from about 0 to about 0.5 pm. 

[0034] By setting the Width from the edge of the top surface 
of the mesa portion at the connections betWeen the ZrO2 ?lm 
and the A1203 ?lm and the top surface of the mesa portion 
from about 0 to about 0.5 pm, minimiZing effects of the 
electric ?eld concentration at the edge portion of the mesa 
portion on the p-type semiconductor layer can be increased 
While a suf?cient amount of current from the p-type electrode 
layer to the p-type semiconductor layer is achieved. 
[0035] The preferred embodiments of the present invention 
can provide a semiconductor light-emitting device Which can 
minimiZe the electric ?eld concentration by the current from 
the p-type electrode layer on the edge portion of the mesa 
portion on the p-type semiconductor layer and improve the 
voltage resistance, and at the same time, achieve good adhe 
sion betWeen the insulation layer and the p-type electrode 
layer and stabiliZe the kink level. Furthermore, preferred 
embodiments of the present invention can provide a method 
for manufacturing a semiconductor light-emitting device 
Which can minimiZe the electric ?eld concentration by the 
current from the p-type electrode layer on the edge portion of 
the mesa portion on the p-type semiconductor layer and 
improves voltage resistance, and at the same time, Which 
achieves good adhesion betWeen the insulation layer and the 
p-type electrode layer and stabiliZes the kink level, as Well as 
a method for manufacturing a semiconductor light-emitting 
device Which can improve the lift-off yield for the p-type 
semiconductor layer. 
[0036] Other features, elements, steps, characteristics and 
advantages of the present invention Will become more appar 
ent from the folloWing detailed description of preferred 
embodiments of the present invention With reference to the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIGS. 1A to 1D are schematic representations that 
shoW a portion of the process up to forming a p-type electrode 
layer and an n-type electrode layer in the method for manu 
facturing a semiconductor light-emitting device according to 
a ?rst preferred embodiment of the present invention. 
[0038] FIGS. 2A to 2D are schematic representations that 
shoW a portion of the process up to forming a p-type electrode 
layer and an n-type electrode layer in the method for manu 
facturing the semiconductor light-emitting device according 
to the ?rst preferred embodiment of the present invention. 
[0039] FIGS. 3A and 3B are schematic block diagrams of a 
semiconductor light-emitting device according to another 
preferred embodiment of the present invention. 
[0040] FIGS. 4A and 4B are schematic block diagrams of a 
semiconductor light-emitting device according to another 
preferred embodiment of the present invention. 
[0041] FIG. 5 is an enlarged schematic sectional vieW of the 
mesa portion of the semiconductor light-emitting device 
according to another preferred embodiment of the present 
invention. 
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[0042] FIG. 6 is an enlarged schematic sectional vieW of the 
mesa portion of the semiconductor light-emitting device 
according to another preferred embodiment of the present 
invention. 
[0043] FIG. 7 is a schematic block diagram ofa semicon 
ductor light-emitting device obtained by a conventional 
manufacturing method. 
[0044] FIGS. 8A to 8D are schematic representations that 
shoW a portion of the process to obtain a semiconductor 
light-emitting device by the method for manufacturing a 
semiconductor light-emitting device according to a second 
preferred embodiment of the present invention. 
[0045] FIGS. 9A to 9D are schematic representations that 
shoW a portion of the process to obtain a semiconductor 
light-emitting device by the method for manufacturing a 
semiconductor light-emitting device according to the second 
preferred embodiment of the present invention. 
[0046] FIGS. 10A to 10D are schematic representations 
that shoW a portion of the process to obtain a semiconductor 
light-emitting device by the method for manufacturing a 
semiconductor light-emitting device according to the second 
preferred embodiment. 
[0047] FIGS. 11A to 11D are schematic representations 
that shoW a portion of the process to obtain a semiconductor 
light-emitting device by the method for manufacturing a 
semiconductor light-emitting device according to the second 
preferred embodiment of the present invention. 
[0048] FIGS. 12A and 12B are schematic representations 
that shoW a portion of the process to obtain a semiconductor 
light-emitting device in the method for manufacturing a semi 
conductor light-emitting device according to another pre 
ferred embodiment of the present invention. 
[0049] FIG. 13 is a diagram that shoWs the potential of each 
layer of the semiconductor light-emitting device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0050] Referring to the draWings, preferred embodiments 
of the present invention Will be described in detail as folloWs. 
It is noted that the present invention is not to be limited to the 
preferred embodiments described beloW. 

First Preferred Embodiment 

[0051] First, explanation Will be made of the method for 
manufacturing a semiconductor light-emitting device accord 
ing to the present preferred embodiment. FIGS. 1A to 1D and 
FIGS. 2A to 2D are schematic representations that shoW 
processes before forming the p-type electrode layer and the 
n-type electrode on a Group-III nitride-based compound 
semiconductor Wafer expressed as AlxGayInl_x_yN (Where, 
Oéxél; Oéyél; 0§x+y§l). FIGS. 1A to 1D and FIGS. 2A 
to 2D indicate schematic cross-sectional vieWs of a semicon 
ductor light-emitting device in each process. It is noted that, 
in each ?gure, only a portion that requires the explanation of 
the method for manufacturing a semiconductor light-emitting 
device is described. 

Mask Layer Forming Process 

[0052] In the manufacturing method of a semiconductor 
light-emitting device according to the present preferred 
embodiment, a semiconductor light-emitting device of a 
Group-III nitride-based compound semiconductor expressed 
as AlxGayIn1_ yN (Where, Oéxél; Oéyél; 0§x+y§l) is x. 
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manufactured. First of all, as shoWn in FIG. 1A, on a p-GaN 
contact layer 16 of an n-type semiconductor layer (n-GaN 
contact layer 11, n-AlGaN clad layer 12 and n-GaN guide 
layer 13), an active layer (InGaN/GaN active layer 14) and a 
p-type semiconductor layer (p-AlGaN electronic block layer 
24, p-GaN guide layer 25, p-AlGaN clad layer 15, and p-GaN 
contact layer 16) are sequentially arranged on the substrate 
10, tWo layers of a mask layer (?rst mask layer 20 and second 
mask layer 21) are formed in the order of the higher etching 
rate closer to the p-GaN contact layer 16. The substrate 10 
may be, for example, a sapphire substrate or a GaN substrate. 

[0053] In this Way, by forming the tWo-layer mask layer 
including ?rst mask layer 20 and second mask layer 21 
Wherein the ?rst mask layer 20 closer to the p-GaN contact 
layer 16 has a higher etching rate, it becomes possible to form 
a groove on the relevant side surface by selectively etching the 
side surface of the ?rst mask layer 20 With a higher etching 
rate in the side etching process discussed beloW. 
[0054] In this event, it is preferable that the ratio of the 
etching rate of the ?rst mask layer 20 With a higher etching 
rate to the second mask layer 21 With a loWer etching rate is 5 
or more. It is more preferable to set the etching rate ratio to 10 
or more. By setting the etching rate ratio to 5 or more, in the 
side etching process discussed beloW, the etching rate of the 
second mask layer 21 With a loWer etching rate can be 
decreased to an extremely small amount and the depth of the 
groove portion can be adjusted. Consequently, in the ZrO2 
?lm forming process and A1203 ?lm forming process dis 
cussed beloW, suf?cient entry rates of the ZrO2 ?lm and the 
A1203 ?lm can be achieved and the effects of minimiZing the 
concentration of an electric ?eld at the edge portion of the 
mesa portion on the p-type semiconductor layer can be 
increased. 

[0055] In addition, of the tWo mask layers, the ?rst mask 
layer 20 With the higher etching rate is made of an oxide or 
nitride formed by spin-coating, heat-hardening, ultraviolet 
curing after spin-coating, or laser ablation; and the second 
mask layer 21 With the loWer etching rate is made of an oxide 
or nitride formed by sputtering or plasma enhanced chemical 
vapor deposition. The ?rst mask layer 20 and the second mask 
layer 21 may include any of the combinations chosen from an 
SiO2 layer formed by spin-coating, heat-hardening, or ultra 
violet-curing after spin-coating, and an SiO2 layer formed by 
sputtering; an SiO2 layer formed by spin-coating, heat-hard 
ening, or ultraviolet-curing after spin-coating, and an SiO2 
layer formed by plasma enhanced chemical vapor deposition; 
an SiO2 layer formed by spin-coating, heat-hardening, or 
ultraviolet-curing after spin-coating, and an SiN layer formed 
by sputtering; an SiO2 layer formed by spin-coating, heat 
hardening, or ultraviolet-curing after spin-coating, and an 
SiN layer formed by plasma enhanced chemical vapor depo 
sition; an SiO2 layer formed by spin-coating, heat-hardening, 
ultraviolet-curing after spin-coating, and a ZrO2 layer formed 
by sputtering; a ZnO layer formed by laser ablation, and an 
SiO2 layer formed by sputtering; a ZnO layer formed by laser 
ablation, and an SiO2 layer formed by plasma enhanced 
chemical vapor deposition; a ZnO layer formed by laser abla 
tion, and an SiN layer formed by sputtering; a ZnO layer 
formed by laser ablation, and an SiN layer formed by plasma 
enhanced chemical vapor deposition; or a ZnO layer formed 
by laser ablation, and a ZrO2 layer formed by sputtering. 
[0056] By choosing any of the foregoing for the combina 
tion of the ?rst mask layer 20 and the second mask layer 21, 
a suf?cient difference can be achieved betWeen the etching 
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rates, and the etching rate of the second mask layer 21 With the 
lower etching rate in the side etching process discussed below 
can be decreased to an extremely small amount. Conse 
quently, in the side etching process, the depth of the groove 
portion can be adjusted. Consequently, in the ZrO2 ?lm form 
ing process and A1203 ?lm forming process, su?icient entry 
rates of the ZrO2 ?lm and the A1203 ?lm can be achieved and 
a semiconductor light-emitting device having minimal effects 
of the concentration of an electric ?eld at the edge portion of 
the mesa portion on the p-type semiconductor layer can be 
manufactured. 
[0057] Herein, “spin-coating” means a coating method to 
disperse a speci?ed solution to the Whole substrate by rotating 
a substrate after the speci?ed solution is applied to the sub 
strate. The SiO2 layer formed by spin-coating is a SOG (Spin 
On Glass) layer, and as a speci?ed solution, a silanol com 
pound solution is applied, for example. After spin-coating, 
the layer is formed by letting the substrate stand at room 
temperature and letting it dry naturally or by heat-treating. 
[0058] In the present preferred embodiment, as the ?rst 
mask layer 20, the SiO2 layer may be formed by a sol-gel 
process and as the second mask layer 21, the SiO2 layer may 
be formed by sputtering. A “sol-gel process” is a process to 
obtain an oxide by heating a gel composed of metal alkoxide 
from Which ?uidity of the sol is lost by hydrolysis or poly 
condensation reaction. Because the sol-gel process makes 
bonding betWeen atoms more disperse as compared to sput 
tering, a su?icient ratio of etching rates of the ?rst mask layer 
20 to the second mask layer 21 can be achieved. 

[0059] In addition, it is preferable to alloW the ?rst mask 
layer 20 With the higher etching rate to have a layer thickness 
H1 from about 10 nm to about 500 nm. By making the layer 
thickness H1 of the mask layer 20 from about 10 nm to about 
500 nm, it is possible to angle the inner side Wall surface along 
the edge of the top surface of the mesa portion of the A1203 
?lm, Which is an insulation ?lm formed on the mesa portion 
in the ZrO2 ?lm forming process and A1203 ?lm forming 
process discussed beloW, upWards. Consequently, it becomes 
possible to manufacture a semiconductor light-emitting 
device With a minimiZed stress concentration betWeen the 
ZrO2 ?lm and the A1203 ?lm and the top surface of the mesa 
portion. In addition, in the event that the second mask layer 21 
is formed by sputtering or plasma enhanced chemical vapor 
deposition as is the case of the present preferred embodiment, 
it is possible to provide a ?rst mask layer 20 that minimiZes 
plasma damage to the p-GaN contact layer 16. 

Mask-Layer Etching Process 

[0060] Then, on the ?rst mask 20 and the second mask 21 
formed by the mask layer forming process, a resist pattern 22 
is formed as shoWn in FIG. 1B. In the present preferred 
embodiment, in order to mass-produce semiconductor light 
emitting devices, striped resist patterns are formed. In addi 
tion, the stripe Width is from, for example, about 1 pm to about 
2 pm. And With the resist pattern 22 used as a mask, as shoWn 
in FIG. 1C, both layers of the ?rst mask layer 20 and the 
second mask layer 21 are etched. Thereafter, resist pattern 22 
is peeled from the ?rst mask layer 20 and the second mask 
layer 21. 

Semiconductor Layer Etching Process 

[0061] Next, using the resist patterns of the ?rst mask layer 
20 and the second mask layer 21 of the tWo layers formed by 
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the mask layer etching process, as shoWn in FIG. 1D, dry 
etching is carried out onp-GaN contact layer 16 and p-AlGaN 
clad layer 15, as Well as partially on the p-GaN guide layer 25. 
By this process, mesa portion 31 Which is electrically con 
nected to the p-type electrode layer, formed later, is formed on 
the p-GaN contact layer 16. In the event the thickness of the 
second mask layer 21 is thin, the second mask layer 21 is 
completely removed during dry etching, and therefore, the 
thickness of the second mask layer 21 is greater than a speci 
?ed value in the mask layer forming process. 

Side Etching Process 

[0062] Next, as shoWn in FIG. 2A, of the tWo layers of the 
mask layer, the side surface of the ?rst mask layer 20 is 
selectively etched to form a groove portion 37 With a portion 
of the p-GaN contact layer 16 exposed. In this event, in the 
present preferred embodiment, buffered hydro?uoric acid 
Which is an ammonium hydrogen di?uoride solution is used 
as an etchant, and the mesa portion 31 shoWn in FIG. 1D is 
immersed in this etchant for a speci?ed time to carry out 
Wet-etching and the groove portion 37 (FIG. 2A) is formed. 
The depth L1 of this groove portion 37 is determined in 
accordance With the entry amount of the insulation ?lm in the 
ZrO2 ?lm andAl2O3 ?lm forming process, discussedbeloW. It 
is noted that in the event that a ZnO layer formed by laser 
ablation is applied as the ?rst mask layer 20, hydrochloric 
acid is applied as the etchant to form the groove portion 37. 

ZrO2 Film and Al2O3 Film Forming Process 

[0063] Then, as shoWn in FIG. 2B, ZrO2 ?lm 26 is formed 
to cover the p-GaN contact layer 16 With the groove portion 
37 exposed (ZrO2 ?lm forming process). Thereafter, the 
A1203 ?lm 27 is formed to cover the ZrO2 ?lm 26 (Al2O3 ?lm 
forming process). In the present preferred embodiment, the 
ZrO2 ?lm 26 and A1203 ?lm 27 are formed by sputtering, 
plasma enhanced chemical vapor deposition, or laser abla 
tion, Which are previously discussed. Since using these meth 
ods causes the surface 23 on the upper side of the groove 
portion 37 to shield against the material ZrO2 ?lm 26 and 
A1203 ?lm 27 Which are insulation ?lms deposited from 
above, the ZrO2 ?lm 26 and A1203 ?lm 27 enter the groove 
portion 37 as shoWn in FIG. 2B. Consequently, it becomes 
possible to make a gap in the ZrO2 ?lm 26 and the A1203 ?lm 
27 so as to prevent the ZrO2 ?lm 26 and A1203 ?lm 27 from 
covering the Whole surface of the ?rst and second layers 20, 
21. That is, a cut line is providedbetWeen the ZrO2 ?lm 26 and 
A1203 ?lm 27 that cover the exposed p-GaN contact layer 16 
of the groove portion 37 and the ZrO2 ?lm 26 and A1203 ?lm 
27 that cover the second mask layer 21. Consequently, in the 
event that the ?rst mask layer 20 and the second mask layer 21 
are removed from the p-GaN contact layer 16 in the mask 
layer removal process, discussed beloW, it becomes possible 
to lift off the ?rst mask layer 20 and the second mask layer 21 
at the cut line. Consequently, it is possible to increase the 
lift-off yield from the p-GaN contact layer 16. 
[0064] In addition, by alloWing the insulation ?lm ZrO2 
?lm 26 andAl2O3 ?lm 27 into the groove portion 37, the edge 
portion 32 of the mesa portion 31 formed in the previously 
discussed semiconductor layer etching process is covered 
With the ZrO2 ?lm 26 and A1203 ?lm 27 to minimiZe an 
electric ?eld concentration at the edge portion 32, and it 
becomes possible to manufacture a semiconductor light 
emitting device With an improved voltage resistance. Further 
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more, by forming a tWo-layer insulation ?lm With the ZrO2 
?lm 26 as the lower layer and the A1203 ?lm 27 as the upper 
layer by the ZrO2 ?lm forming process and the A1203 ?lm 
forming process, adhesion betWeen the p-type electrode 
layer, discussed beloW, and the insulation ?lm is improved by 
the upper layer A1203 ?lm 27, and by achieving consistency 
betWeen the refraction index (refraction index: 2.2) of the 
ZrO2 ?lm 26 and the refraction index (refraction index: 2.5) 
of the p-type semiconductor layer 16 by the loWer-layer ZrO2 
?lm 26, locked-in effects of light can be alleviated. As a 
result, a semiconductor light-emitting device having a stabi 
liZed kink level can be manufactured. In addition, it becomes 
possible to control the kink level by designing the Width of the 
mesa portion 31 alone. 
[0065] It is preferable to form the ZrO2 ?lm 26 having a 
thickness from about 10 nm to about 400 nm and the A1203 
?lm 27 having a thickness from about 10 nm to about 100 nm. 
By forming the ZrO2 ?lm 26 and A1203 ?lm 27 having a total 
?lm thickness of not less than 500 nm causes the insulation 
?lm to cover the groove portion 37 and it is not possible to 
provide a cut line betWeen the insulation ?lms. 
[0066] It is noted that in the event that only the edge portion 
32 is covered With ZrO2 ?lm 26 and A1203 ?lm 27, it is 
assumed that, for example, the side surface of the SiO2 ?lm is 
etched in advance, in the conventional manufacturing 
method. The present preferred embodiment achieves remark 
able effects as compared to the conventional technique in that 
the present preferred embodiment can simultaneously satisfy 
the requirements of covering the edge portion 32 With the 
ZrO2 ?lm 26 and the A1203 ?lm 27 and of improving the 
liftoff yield from the p-GaN contact layer 16 Which is the 
p-type semiconductor layer. 

Mask Layer Removal Process 

[0067] Then, the remaining ?rst mask layer 20 and the 
second mask layer 21 are removed from the p-GaN contact 
layer 16 as shoWn in FIG. 2C. In the present preferred 
embodiment, the mesa portion 31 shoWn in FIG. 2B is 
immersed in the above-mentioned buffered hydro?uoric acid 
and the ?rst mask layer 20 and the second mask layer 21 are 
removed. 

Electrode Layer Forming Process 

[0068] Next, the p-type electrode layer 18 is formed such 
that the p-type electrode layer 18 covers the entire surface of 
the top surface 30 of the p-GaN contact layer 16 exposed by 
the mask layer removal process, as shoWn in FIG. 2D. In this 
event, the p-type electrode layer 18 is formed by vapor-de 
positing only on the top surface 30 and the side surface of the 
mesa portion 31. In addition, both the ZrO2 ?lm 26 andAl2O3 
?lm 27 are removed by dry etching to expose the n-GaN 
contact layer 11. And on the top surface of the n-GaN contact 
layer 11 exposed by the liftoff, an n-type electrode layer 19 is 
formed. A portion of the n-GaN contact layer 11 is partially 
removed and exposed, and on the exposed top surface of the 
n-GaN contact layer 11, the n-type electrode layer 19 is 
formed. Thereafter, the substrate 10 and all of the layers are 
cleaved to produce a semiconductor light-emitting device. 
The above cleavage can be achieved by thinning the substrate 
10 by lapping in advance. 
[0069] It is noted that in the present preferred embodiment, 
the location space for the n-type electrode layer 19 is formed 
in the electrode layer forming process, but the location space 
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of the n-type electrode layer 19 may be formed by partially 
removing the n-GaN contact layer 11 so as to be exposed by 
dry etching in FIG. 2A, before or after the side etching pro 
cess. 

[0070] NoW, description Will be made of the semiconductor 
light-emitting device according to another preferred embodi 
ment. The semiconductor light-emitting device according to 
the present preferred embodiment can be manufactured by 
the above-mentioned manufacturing method, or by other 
manufacturing methods. 
[0071] FIGS. 3A and 3B shoW schematic block diagrams of 
a semiconductor light-emitting device according to the 
present preferred embodiment. In addition, FIGS. 4A and 4B 
shoW schematic block diagrams of a semiconductor light 
emitting device of another method. 
[0072] A semiconductor light-emitting device 100 accord 
ing to the present preferred embodiment is a semiconductor 
light-emitting device composed of a Group-III nitride-based 
compound semiconductor expressed by AlxGayIn1_x_yN 
(Where, Oéxé l; Oéyé l; 0§x+y§ l) and has a substrate 10; 
n-GaN contact layer 11, n-AlGaN clad layer 12, and n-GaN 
guide layer 13 as n-type semiconductor layers arranged on the 
substrate 10; InGaN/GaN active layer 14 as an active layer 
arranged on the n-GaN guide layer 13; p-AlGaN electronic 
block layer 24, p-GaN guide layer 25, p-AlGaN clad layer 15, 
and p-GaN contact layer 16 as p-type semiconductor layers 
With the mesa portion 31 protruding above the InGaN/GaN 
active layer 14; ZrO2 ?lm 26 that covers the mesa portion 31 
from the inner side along the edge 32 of the top surface 30 to 
the side surface 35 of the mesa portion 31 so as to expose the 
top surface 30 of the mesa portion 31; A1203 ?lm 27 that 
covers the ZrO2 ?lm 26 so as to expose the top surface 30 of 
the mesa portion 31; p-type electrode layer 18 as an electrode 
layer that covers the mesa portion 31 from above the ZrO2 
?lm 26 and the A1203 ?lm 27 and electrically connects to the 
p-type semiconductor layer 16; and n-type electrode layer 19 
Which electrically connects to the n-GaN contact layer 11. 

[0073] By covering the mesa portion 31 With the ZrO2 ?lm 
26 and theAl2O3 ?lm 27 from the inner side along the edge 32 
of the top surface 30 to the side surface 35 of the mesa portion 
31 so as to expose the top surface 30 of the mesa portion 31, 
the center portion of the top surface 30 of the mesa portion 31 
serves as a contact portion betWeen the p-type electrode layer 
18 and the p-GaN contact layer 16. Consequently, it becomes 
possible to conduct the current from the p-type electrode 
layer 18 from the center of the top surface 30 of the mesa 
portion 31 toWard the p-GaN contact layer 16 as shoWn by the 
arroW in FIG. 3B. Consequently, it is possible to minimiZe an 
electric ?eld concentration at the edge portion 32 of the mesa 
portion 31 by the current from the p-type electrode layer 18 
and the voltage resistance is improved. Consequently, the 
semiconductor light-emitting device 100 according to the 
present preferred embodiment provides a high output. Fur 
thermore, by forming an insulation ?lm of tWo layers de?ned 
by the loWer layer With the ZrO2 ?lm 26 and the upper layer 
With the A1203 ?lm 27, adhesionbetWeen the p-type electrode 
layer 18 and the insulation layer can be improved by the 
upper-layer A1203 ?lm 27, and by achieving consistency 
betWeen the refraction index of the ZrO2 ?lm 26 (refraction 
index: 2.2) and the refraction index of p-GaN contact layer 16 
(refraction index: 2.5), Which is the p-type semiconductor 
layer, by the loWer-layer ZrO2 ?lm 26, locked-in effects of 
light can be alleviated. As a result, the kink level of a semi 
conductor light-emitting device 100 can be stabiliZed. 










