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(57) ABSTRACT 
Provided are a nitride semiconductor light-emitting device 
comprising a polycrystalline or amorphous Substrate made of 
AlN; a plurality of dielectric patterns formed on the AlN 
Substrate and having a stripe or lattice structure; a lateral 
epitaxially overgrown-nitride semiconductor layer formed on 
the AlN substrate having the dielectric patterns by Lateral 
Epitaxial Overgrowth; a first conductive nitride semiconduc 
tor layer formed on the nitride semiconductor layer, an active 
layer formed on the first conductive nitride semiconductor 
layer; and a second conductive nitride semiconductor layer 
formed on the active layer; and a process for producing the 
SaC. 
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NITRIDE SEMCONDUCTOR 
LIGHT-EMTTTING DEVICE AND PROCESS 

FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a nitride semicon 
ductor light-emitting device, and more particularly to a 
nitride semiconductor light-emitting device having an AlN 
polycrystalline or amorphous Substrate and a process for pro 
ducing the same. 
0003 2. Description of the Related Art 
0004 Generally, a great deal of attention has been directed 
to nitride semiconductor crystals as a material for use in 
preparing visible and ultraviolet light LEDs and blue-green 
color optical devices Such as light-emitting diodes or laser 
diodes, because they produce light with a broad spectrum 
including the entire visible light region and also the ultravio 
let light region. 
0005. In order to prepare a high efficiency optical device 
with Such nitride semiconductor crystals, there is essentially 
required a technique which enables a nitride semiconductor 
to grow into a high quality single crystal thin film. However, 
the III-A group nitride semiconductors are not suitable for 
general Substrates due to their lattice constant and thermal 
expansion coefficient and thus have a difficulty in growing a 
single crystal thin film. 
0006 To grow nitride semiconductor crystals, a sapphire 
(AlO) or SiC substrate is limitedly employed only. For 
example, nitride semiconductor crystals may be grown on the 
Sapphire Substrate by heteroepitaxy methods using Metal 
Organic Chemical Vapor Deposition (MOCVD), Molecular 
Beam Epitaxy (MBE), and the like. 
0007 But, despite use of such a nitride semiconductor 
single crystal Substrate, it is difficult to directly grow a high 
quality nitride semiconductor single crystal on the Substrate 
due to inconsistency of a lattice constant and a thermal expan 
sion coefficient therebetween, and thus a low temperature 
nucleus-growth layer and a buffer layer are additionally used. 
FIG. 1 is a cross-sectional side view of a conventional nitride 
semiconductor light-emitting device. 
0008. As shown in FIG.1, a conventional nitride semicon 
ductor light-emitting device; which is designated by refer 
ence number 10, includes an n-type nitride semiconductor 
layer 15 formed on a sapphire substrate 11, an active layer 16 
having a multi-well structure 16 and a p-type nitride semi 
conductor layer 17. An n-electrode 19a was formed on a 
region of the exposed portion of the n-type nitride semicon 
ductor layer 15 by removing and exposing some portions of 
the p-type nitride semiconductor layer 17 and the active layer 
10. A transparent electrode 18 containing Ni and Au, and a 
p-electrode 19b were formed on the p-type GaN semiconduc 
tor layer 17. 
0009 Further, a buffer layer was formed on the sapphire 
Substrate in order to grow high quality nitride semiconductor 
crystals. As the buffer layer, a low temperature nucleus 
growth layer such as AlGaN whereinx is between 0 and 1. 
is usually used. 
0010. However, even when a nitride semiconductor single 
crystal was grown on the Sapphire Substrate after forming the 
low temperature nucleus-growth layer, the nitride semicon 
ductor single crystal had crystal defects of about 10 to about 
10" cm. In particular, these crystal defects propagate in the 
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vertical direction and thus exhibit adverse effects responsible 
for leakage of electrical current. 
0011. On the other hand, the conventional sapphire or SiC 
Substrate may have disadvantages of high cost, lower thermal 
conductivity, and lower mechanical properties, resulting in 
increased production costs and deterioration of device char 
acteristics, as compared to an AlN polycrystalline or amor 
phous substrate. But, the AlN polycrystalline or amorphous 
substrate is not suitable for growth of the nitride single crystal 
layer and thus is not usually used as a Substrate for the nitride 
semiconductor light-emitting device. 

SUMMARY OF THE INVENTION 

0012. Therefore, the present invention has been made in 
view of the above problems, and it is an object of the present 
invention to provide a nitride semiconductor light-emitting 
device comprising a high quality nitride semiconductor layer 
grown on an AlN polycrystalline or amorphous Substrate by 
Lateral Epitaxial Overgrowth (LEO). 
0013. It is another object of the present invention to pro 
vide a process for producing a nitride semiconductor light 
emitting device comprising the step of forming a high quality 
nitride semiconductor layer on an AlN polycrystalline or 
amorphous Substrate by using LEO. 
0014. In accordance with the present invention, the above 
and other objects can be accomplished by the provision of a 
nitride semiconductor light-emitting device comprising: 
00.15 a polycrystalline or amorphous substrate made of 
AIN; 
0016 a plurality of dielectric patterns formed on the AlN 
Substrate and having a stripe or lattice structure; 
0017 a lateral epitaxially overgrown-nitride semiconduc 
tor layer formed on the AlN substrate having the dielectric 
patterns by Lateral Epitaxial Overgrowth (LEO); 
0018 a first conductive nitride semiconductor layer 
formed on the nitride semiconductor layer; 
0019 an active layer formed on the first conductive nitride 
semiconductor layer, and 
0020 a second conductive nitride semiconductor layer 
formed on the active layer. 
0021 Preferably, the AlN substrate has an upper surface 
having irregularities formed to face in a predetermined direc 
tion. 
0022. The nitride semiconductor light-emitting device 
may further include a buffer layer formed on the AlN sub 
strate. Preferably, the buffer layer may be a low temperature 
nucleus-growth layer made of a material having the formula 
of AlGaN wherein X is between 0 and 1. 
0023 Preferably, the buffer layer has an upper surface 
having irregularities formed in a predetermined face direc 
tion. 
0024 Dielectric patterns used in the present invention may 
be made of SiO, or SiN. The lateral epitaxially overgrown 
nitride semiconductor layer may be formed of the nitride 
semiconductor layer containing first conductive impurities 
and then may be provided as a clad layer having the same 
conductivity-type as that of the first conductive nitride semi 
conductor layer. 
0025. The first conductive nitride semiconductor layer 
may be a p-type nitride semiconductor layer. The second 
conductive nitride semiconductor layer may be an n-type 
nitride semiconductor layer. In this case, an n-type nitride 
semiconductor layer with a relatively low electrical resistance 
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is used as a capping layer and thus a transparent electrode 
layer for ohmic contact may be eliminated. 
0026. Further, the present invention provides a process for 
producing a novel nitride semiconductor light-emitting 
device. 

0027. The above-mentioned process comprises the steps 
of: 
0028 providing a polycrystalline or amorphous substrate 
made of AlN: 
0029 forming a plurality of dielectric patterns having a 
stripe or lattice structure on the AlN substrate; 
0030 forming a lateral epitaxially overgrown-nitride 
semiconductor layer on the AlN substrate having the dielec 
tric patterns by Lateral Epitaxial Overgrowth (LEO); 
0031 forming a first conductive nitride semiconductor 
layer on the nitride semiconductor layer; 
0032 forming an active layer on the first conductive 
nitride semiconductor layer; and 
0033 forming a second conductive nitride semiconductor 
layer on the active layer. 
0034 Preferably, the process may further comprise the 
step of etching the upper surface of the AlN substrate such 
that irregularities are formed on the AlN substrate in a prede 
termined face direction. The etching step may include a step 
of applying wet etching to the AlN Substrate using an etching 
solution containing NaOH. 
0035. The process may further comprise the step of form 
ing a buffer layer on the AlN substrate, prior to forming the 
dielectric patterns. Preferably, the buffer layer may be a low 
temperature nucleus-growth layer made of a material having 
the formula of AlGaN wherein X is between 0 and 1. In 
accordance with the present invention, the process may fur 
ther comprise the step of etching the upper Surface of the 
buffer layer such that irregularities are formed on the buffer 
layer in a predetermined face direction. 
0036 Further, the dielectric patterns may be made of SiO, 
or SiN. The lateral epitaxially overgrown-nitride semicon 
ductor layer may be a nitride semiconductor layer containing 
first conductive impurities. The first conductive nitride semi 
conductor layer may be a p-type nitride semiconductor layer. 
The second conductive nitride semiconductor layer may bean 
n-type nitride semiconductor layer. 
0037. Where the lateral epitaxially overgrown-nitride 
semiconductor layer is a nitride semiconductor layer contain 
ing Al, the step of forming the lateral epitaxially overgrown 
nitride semiconductor layer may comprise the step of forming 
the lateral epitaxially overgrown-nitride semiconductor layer 
by LEO while injecting Cl- or Br-based gas. As the Br- or 
Cl-based gas, a gas containing at least one selected from the 
group consisting of Br, C1, CBra, CC1, HBr and HCl may 
be used. 

0038. The present invention provides a new type of nitride 
semiconductor device by forming a nitride semiconductor 
layer on AlN polycrystalline or amorphous Substrate in place 
of a conventional Sapphire or SiC Substrate. That is, a high 
quality nitride semiconductor layer may be grown by Lateral 
Epitaxial Overgrowth using dielectric patterns having a stripe 
or lattice structure. More preferably, a higher quality nitride 
semiconductor layer may be grown by applying a given etch 
ing solution such as NaOH to the AlN polycrystalline or 
amorphous Substrate to form irregularities facing a desired 
direction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0039. The above and other objects, features and other 
advantages of the present invention will be more clearly 
understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 
0040 FIG. 1 is a cross-sectional side view of a conven 
tional nitride semiconductor light-emitting device; 
0041 FIG. 2 is a cross-sectional side view of a nitride 
semiconductor light-emitting device according to one 
embodiment of the present invention; and 
0042 FIGS.3a-3farea flow chart illustrating a process for 
producing a nitride semiconductor light-emitting device 
according to another embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0043. Now, the present invention will be described in 
detail with reference to the attached drawings. FIG. 2 is a 
cross-sectional side view of a nitride semiconductor light 
emitting device according to one embodiment of the present 
invention. 

0044) A nitride semiconductor light-emitting device 20 
includes an AlN polycrystalline substrate 21. The AIN Sub 
strate 21 may comprise Ga and/or In, resulting in (Gan)AlN. 
The AlN polycrystalline substrate 21 was provided with a 
plurality of dielectric patterns 23 having a stripe or lattice 
structure which were arranged side by side. The AlN poly 
crystalline substrate 21 having the dielectric patterns formed 
thereon was provided with a lateral epitaxially overgrown 
nitride semiconductor layer 24 grown by Lateral Epitaxial 
Overgrowth (LEO). On the nitride semiconductor layer 24 
were sequentially formed an n-type nitride semiconductor 
layer 25, an active layer 26 having a multiple-well structure 
and a p-type nitride semiconductor layer 27. 
0045. Further, a transparent electrode layer 28 such as 
Ni/Au was formed on the p-type nitride semiconductor layer 
27 in order to decrease contact resistance. Each of p- and 
n-electrodes 29b and 29a was provided on the transparent 
electrode layer 28 and the n-type nitride semiconductor layer 
25. 

0046. The lateral epitaxially overgrown-nitride semicon 
ductor layer 24 formed on the AIN polycrystalline substrate 
21 was formed by LEO using dielectric patterns 23 having a 
stripe or lattice structure. Therefore, since crystals grow onto 
the dielectric patterns 23 in the lateral direction, defects pro 
gressing in the vertical direction, i.e. the potentials occurring 
between the interface of heterologous materials may be 
greatly reduced, unlike a conventional growth method. There 
fore, by decreasing potentials which propagate to an active 
layer, leakage of electric current due to the crystal defects 
may be significantly reduced. These dielectric patterns may 
be made of SiO, or SiN. 
0047. The lateral epitaxially overgrown-nitride semicon 
ductor layer 24 used in the present invention may be formed 
of an undoped nitride semiconductor layer. Alternatively, the 
layer 24 may also be formed of a nitride semiconductor layer 
having the same conductivity-type as that of the nitride semi 
conductor layer 25 formed on the upper part thereof. 
0048 For example, in this embodiment, the n-type lateral 
epitaxially overgrown-nitride semiconductor layer 24 may be 
formed by injecting n-type impurities to cause lateral epi 
taxial overgrowth, and may constitute an n-clad layer in inte 
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grated form with the n-type nitride semiconductor layer 25 
formed on the upper part thereof. 
0049 Further, unlike this embodiment, a structure having 
a p-type nitride semiconductor layer disposed between an 
AlN polycrystalline substrate and an active layer, and the 
n-type nitride semiconductor layer disposed on the upper part 
of the active layer may be also provided. In this case, the 
n-type nitride semiconductor layer has a relatively low elec 
trical resistance compared to the p-type nitride semiconduc 
tor layer. 
0050 Thus, a transparent electrode structure 28 formed on 
the upper part of the p-type nitride semiconductor layer 27 as 
shown in FIG. 2 may be eliminated. 
0051 FIGS.3a-3farea flow chart illustrating a process for 
producing a nitride semiconductor light-emitting device 
according to another embodiment of the present invention. 
0052 First, as shown in FIG. 3a, an AlN polycrystalline 
substrate 31 was prepared. That is, the present invention does 
not use a Sapphire Substrate but instead uses an AlN polycrys 
talline substrate 31 having a relatively high thermal conduc 
tivity and excellent mechanical properties. 
0053 As can be seen from FIG. 3a, it is preferable to 
additionally etch the upper surface of the AlN polycrystalline 
substrate 31 so as to form irregularities 31a having a desired 
crystal face. Generally, etching rate varies depending on a 
direction of the crystal face, and then each irregularity 31a 
may have a main face direction in a certain face direction by 
applying wet etching using an etching Solution such as 
NaOH, or the like. The main face direction of the irregulari 
ties 31 a may provide more advantageous growth face condi 
tions for forming a nitride single crystal layer in a Subsequent 
process. For instance, Suitably shaped irregularities may be 
obtained by applying a NaOH etching solution to the AIN 
polycrystalline substrate 31 at a temperature of about 60° C. 
for 10 minutes. 
0054) Then, as shown in FIG.3b, a buffer layer 32 may be 
provided on the AlN polycrystalline substrate 31. In accor 
dance with the present invention, the buffer layer 32 may be 
optionally provided to obtain superior nitride crystals. As the 
buffer layer32, a material satisfying a composition formula of 
AlGaN wherein X is between 0 and 1, may be provided. 
For instance, a low temperature nucleus-growth layer made of 
AlN, GaN. AlGaN, or the like may be used. In this step, an 
etching process may be additionally carried out so as to form 
irregularities having a desired crystal face on the buffer layer 
32. As described in the etching process for the AlN polycrys 
talline Substrate, this is designed to provide advantageous 
growth conditions for the nitride single crystal layer in a 
Subsequent process by forming irregularities having a certain 
crystal face direction in the main face direction. The etching 
process for forming irregularities need not be carried out on 
the AlN polycrystalline substrate 31, but may instead be car 
ried out only in this step or may be carried out in both of them. 
0055. Next, as shown in FIG. 3c, a plurality of dielectric 
patterns 33 having a stripe or lattice structure were formed on 
the buffer layer32. The dielectric patterns 33 may be obtained 
by vapor-depositing dielectric materials such as SiO, and 
SiN on the entire upper surface of the buffer layer 32, and 
then selectively removing the deposited portion thereof so as 
to form stripe patterns (or lattice patterns) by using a photo 
lithography process. Alternatively, where the buffer layer 32 
is not present, the dielectric patterns 33 may be provided 
directly on the upper surface of the AlN polycrystalline sub 
Strate 31. 
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0056. Thereafter, as shown in FIG. 3d, the nitride semi 
conductor crystals 34 were grown by LEO using dielectric 
patterns 33 having a stripe or lattice structure. This growth 
process may use conventional processes such as MOCVD, 
MBE, and the like. In the lateral epitaxial overgrowing pro 
cess of this step, a lateral epitaxially overgrown-nitride layer 
34 may be obtained in which nitride single crystals firstly 
grow on a region of the buffer layer 32 exposed between the 
dielectric patterns 33, a growth thickness thereof reaches the 
height of the dielectric patterns 33, lateral epitaxial over 
growth progresses over the dielectric patterns 33, and finally 
covers the dielectric patterns 33. Where the lateral epitaxially 
grown-nitride semiconductor layer 34 is a nitride single crys 
tal containing Al Such as AlGaN, it is difficult to grow high 
quality nitride crystals because Alhas high reactivity with the 
dielectric patterns 33 such as SiO, or SiN. and adatoms have 
low surface mobility, thereby growing even on dielectric 
materials. Thus, in this case, it is preferable to form the lateral 
epitaxially overgrown-nitride semiconductor layer 34 while 
injecting Cl- or Br-based gas. As the Br- or Cl-based gas, it is 
preferable to use gas containing at least one selected from the 
group consisting of Br, C1, CBra, CC1, HBr and HC1. 
0057 Then, as shown in FIG. 3e, a p-type nitride semi 
conductor layer 35, an active layer 36 and an n-type nitride 
semiconductor layer 37 were grown on the lateral epitaxially 
overgrown-nitride semiconductor layer 34. This growth pro 
cess may be continuously carried out together with the lateral 
epitaxially overgrown-nitride semiconductor layer 34. For 
instance, the nitride semiconductor layers 35.36 and 37 may 
be continuously grown in combination with the lateral epi 
taxially overgrown-nitride semiconductor layer 34 as 
described in FIG. 3d, under the condition in which they are 
placed in an MOCVD chamber. In this case, the lateral epi 
taxially overgrown-nitride semiconductor layer 34 described 
in FIG. 3d may be formed of an undoped region. Alterna 
tively, it may be formed of a layer containing p-type impuri 
ties, as in the case of the p-type nitride semiconductor layer35 
and may be provided as a clad layer integrated with the p-type 
nitride semiconductor layer 35 on one side. 
0.058 Finally, the n-type nitride semiconductor layer 37 
and the active layer 36 were mesa etched to expose a portion 
thereof, a first electrode 39a was formed on a region of the 
exposed p-type nitride semiconductor layer35, and thenan n 
type electrode 39b such as Ni/Au was formed on the upper 
surface of the n-type nitride semiconductor layer 37. 
0059 Alternatively, still another embodiment may be 
implemented by first forming a p-type nitride semiconductor 
layer on an AlN polycrystalline Substrate, forming an active 
layer on the p-type nitride semiconductor layer, and then 
forming an n-type nitride semiconductor layer on the active 
layer. 
0060. As apparent from the above description, the present 
invention provides an inexpensive nitride semiconductor 
light-emitting device having Superior characteristics, by 
forming a high quality nitride semiconductor layer on the 
substrate by LEO using an AlN polycrystalline or amorphous 
Substrate having Superior thermal conductivity and mechani 
cal properties. 
0061 Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and Substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 
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1-9. (canceled) 
10. A process for producing a nitride semiconductor light 

emitting device, comprising the steps of: 
providing a polycrystalline or amorphous Substrate made 

of AlN: 
forming a plurality of dielectric patterns having a stripe or 

lattice structure on the AlN substrate; 
forming a lateral epitaxially overgrown-nitride semicon 

ductor layer on the AIN substrate having the dielectric 
patterns by Lateral Epitaxial Overgrowth; 

forming a first conductive nitride semiconductor layer on 
the nitride semiconductor layer; 

forming an active layer on the first conductive nitride semi 
conductor layer; and 

forming a second conductive nitride semiconductor layer 
on the active layer. 

11. The process as set forth in claim 10, wherein the sub 
strate comprises (Gain)AlN substrate. 

12. The process as set forth in claim 10, wherein the AlN 
Substrate is a polycrystalline Substrate, and the process further 
comprises the step of etching the upper surface of the AIN 
Substrate Such that irregularities having a predetermined face 
direction are formed on the AlN polycrystalline substrate. 

13. The process as set forthin claim 10, wherein the etching 
step is a step of applying wet etching to the AlN Substrate 
using an etching Solution containing NaOH. 

14. The process as set forth in claim 10, further comprising: 
forming a buffer layer on the AIN Substrate, prior to form 

ing the dielectric patterns. 
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15. The process as set forth in claim 14, wherein the buffer 
layer is a low temperature nucleus-growth layer made of a 
material having a formula of AlGaN whereinx is between 
0 and 1. 

16. The process as set forth in claim 12, wherein the pro 
cess further comprises the step of etching the upper Surface of 
the buffer layer such that irregularities having a predeter 
mined face direction are formed thereon. 

17. The process as set forth in claim 16, wherein the etching 
step is a step of applying wet etching to the buffer layer using 
an etching solution containing NaOH. 

18. The process as set forth in claim 10, wherein the dielec 
tric patterns are made of SiO, or SiN. 

19. The process as set forth in claim 10, wherein the lateral 
epitaxially overgrown-nitride semiconductor layer is a nitride 
semiconductor layer containing first conductive impurities. 

20. The process as set forth in claim 10, wherein the first 
conductive nitride semiconductor layer is an n-type nitride 
semiconductor layer, and the second conductive nitride semi 
conductor layer is a p-type nitride semiconductor layer. 

21. The process as set forth in claim 10, wherein the lateral 
epitaxially overgrown-nitride semiconductor layer is a nitride 
semiconductor layer containing Al, and the step of forming 
the lateral epitaxially overgrown-nitride semiconductor layer 
is a step of forming the lateral epitaxially overgrown-nitride 
semiconductor layer using Lateral Epitaxial Overgrowth 
while injecting Cl- or Br-based gas. 

22. The process as set forth in claim 20, wherein the Br- or 
Cl-based gas is gas containing at least one selected from the 
group consisting of Br, C1, CBra, CC1, HBr and HC1. 

k k k k k 


