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(57) ABSTRACT 

The object of this invention is to provide a high-output type 
nitride light emitting device. The nitride light emitting 
device comprises an n-type nitride semiconductor layer, a 
p-type nitride semiconductor layer and an active layer 
therebetWeen, Wherein the light emitting device comprises a 
gallium-containing nitride semiconductor layer prepared by 
crystallization from supercritical ammonia-containing solu 
tion in the nitride semiconductor layer. 
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Fig. 2A 
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Fig. 2D I. 
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_ Fig. 3A 
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Fig. 4D 
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Fig. 6 

Fig.7 
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Fig. 8 
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LIGHT EMITTING DEVICE STRUCTURE HAVING 
NITRIDE BULK SINGLE CRYSTAL LAYER 

TECHNICAL FIELD 

[0001] The present invention relates to a structure Wherein 
a single crystal nitride layer prepared by crystallization from 
supercritical ammonia-containing solution is used as a sub 
strate or an intermediate layer of light emitting devices such 
as a laser structure etc. 

BACKGROUND ART 

[0002] In the nitride semiconductor laser, crystal defect or 
dislocation of a Waveguide causes electron-hole pairs to 
make non-radiative recombination therein. Ideally, consid 
ering the laser function, the dislocation density in the 
Waveguide may be l06/cm2 or less, preferably l04/cm2 or 
less. HoWever, in the present situation, the dislocation 
density can not be reduced to less than l06/cm2 by using a 
vapor phase epitaxial groWth (MOCVD and HVPE) or by 
using a repeated ELOG (Epitaxial lateral overgrowth), 
because the Waveguide is groWn on a heterogeneous sub 
strate, such as sapphire substrate or SiC substrate. 

[0003] To form a light emitting device comprising nitride 
semiconductor on a sapphire substrate or a SiC substrate 
Without crack, the nitride semiconductor having the reduced 
dislocation density is required to be groWn in the form of a 
thin layer on a sapphire substrate or a SiC substrate. If the 
nitride semiconductor is groWn in the form of a thick layer 
on the substrate such as sapphire substrate etc, the curving 
of the substrate Will be bigger, Which leads to higher 
probability of crack occurrence. HoWever, the nitride semi 
conductor in the form of a thin layer, in Which the disloca 
tion density is reduced, has not been realized by the vapor 
phase epitaxial groWth. 
[0004] To summarize the above, there has been a limita 
tion to form a nitride semiconductor light emitting device 
(especially a laser device) by the vapor phase groWth. 
Moreover, regarding the light emitting diode, in case that the 
higher luminance and higher output are required, the crystal 
dislocation of the substrate and of the intermediate layer Will 
be a serious problem. 

DISCLOSURE OF INVENTION 

[0005] The ?rst object of the present invention is to 
provide a light emitting device structure, Which comprises a 
light emitting device comprising an n-type nitride semicon 
ductor layer, an active layer comprising an In-containing 
nitride semiconductor, and a p-type nitride semiconductor 
layer, formed on a substrate for groWth, Wherein the light 
emitting device comprises a gallium-containing nitride 
semiconductor layer prepared by crystallization from super 
critical ammonia-containing solution, instead of the so-far 
used vapor phase groWth. The gallium-containing nitride 
semiconductor layer as one of the layers in the light emitting 
device is prepared by crystallization from supercritical 
ammonia-containing solution so that the crystalline quality 
of the layers formed on the gallium-containing nitride semi 
conductor layer can be recovered. 

[0006] The second object of the present invention is to 
form a substrate for groWth having loW dislocation density 
by using a gallium-containing nitride bulk single crystal 
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prepared by crystallization from supercritical ammonia 
containing solution. Accordingly, the nitride semiconductor 
device formed on the substrate can be a nitride semicon 
ductor With loWer dislocation density. Concretely, this object 
is to form a nitride substrate having a loWer dislocation 
density, i.e. l05/cm2 or less and more preferably l04/cm2 or 
less and to form thereon a light emitting device (laser 
structure etc.) having less crystal dislocation causing non 
radiative recombination. 

[0007] The third object of the present invention is to 
provide a light emitting device structure, such as a laser 
device etc, Which comprises a high-resistance layer prepared 
by crystallization from supercritical ammonia-containing 
solution as a current con?nement layer. 

[0008] The inventors of the present invention found the 
folloWing matters by using a technique Wherein a gallium 
containing nitride is recrystallized by crystallization from 
supercritical ammonia-containing solution, so-called 
AMMONO method: 

[0009] the ratio of Ga/NH3 can remarkably be improved 
(over 20 times), compared With the ratio set by MOCVD 
vapor phase groWth, 

[0010] the bulk single crystal having a loWer dislocation 
density can be obtained by AMMONO method at a very loW 
temperature (600° C. or less), While the bulk single crystal 
is prepared by the vapor phase groWth of the nitride at 10000 
C. or more, 

[0011] the loWer dislocation density and recovery of the 
crystalline quality thereof can be realized despite the thin 
layer groWth of the gallium-containing nitride, and 

[0012] the single crystal substrate Wherein the single crys 
tal substrate is formed on A-plane or M-plane as an epitaxial 
groWth face can be obtained, While such substrate Would not 
be prepared by the so-far vapor phase groWth. 

[0013] The ?rst invention is to provide a light emitting 
device structure comprising a gallium-containing nitride 
single crystal substrate, an n-type nitride semiconductor 
layer, an active layer comprising an In-containing nitride 
semiconductor, and a p-type nitride semiconductor layer, 
formed on the substrate, for groWth prepared by the vapor 
phase groWth, Wherein a gallium-containing nitride semi 
conductor layer is formed to preserve the crystalline quality 
Which Would be degraded during the deposition of the layers 
in the light emitting device in the form of quaternary or 
ternary compound, such as InAlGaN, InGaN or AlGaN etc. 
on the substrate. Moreover, it is possible to recover the 
crystalline quality Which Would be detracted by neWly 
occurred dislocation or impurity dopants during the depos 
iting process of nitride semiconductor. The ?rst invention is 
characterized in that the gallium-containing nitride semicon 
ductor layer is formed by crystallization from supercritical 
ammonia-containing solution, so that the layer can become 
an epitaxial groWth plane Whose dislocation density thereon 
is l06/cm2 or less, preferably l04/cm2. 

[0014] Speci?cally, the gallium-containing nitride has to 
be groWn at the temperature Which does not damage the 
active layer comprising an In-containing nitride semicon 
ductor. In the AMMONO method, the nitride is groWn at 
600° C. or less, preferably 550° C. or less, therefore the 
single crystal GaN or AlGaN layer can be deposited on the 
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active In-containing layer Without the detraction of the 
active layer, although the growth temperature of 1000° C. or 
more is required in the vapor phase growth. The active layer 
comprising an In-containing nitride semiconductor is usu 
ally formed at 900° C., as loWer temperature does not 
damage to the active layer from degradation etc. Further 
more, the crystalline quality can be recovered by the thin 
layer of less than several am, preferably several hundreds A 
and the dislocation density can also be reduced, so that the 
resulting laser device etc. is not subject to the stress. 

[0015] The second invention is characterized in that the 
substrate is the gallium-containing nitride bulk single crystal 
prepared by crystallization from supercritical ammonia 
containing solution, Which leads to a light emitting device 
With loWer dislocation density by the combination of the ?rst 
invention and the second invention. Moreover, the substrate 
in the light emitting device structure has at least one plane 
selected from the group comprising A-plane, M-plane, 
R-plane, C-plane, {l-lOn (n is a natural number)}, and 
{ll-2m (m is a natural number)} of the gallium-containing 
nitride bulk single crystal, as its oWn surface. 

[0016] According to the present invention, a nitride bulk 
single crystal shoWn in DraWings can be prepared by apply 
ing the AMMONO method, therefore A-plane or M-plane 
Which is parallel to C-axis of hexagonal structure for an 
epitaxial groWth can be obtained. (FIG. 9) In the present 
invention, an epitaxial groWth required by a device structure 
can be carried out in case that the plane has the area of 100 
m2. A-plane and M-plane are non-polar, unlike C-plane. In 
case that A-plane or M-plane of the gallium-containing 
nitride is used as a plane for depositing of layers, there can 
be obtained a laser device having no cause of the deterio 
ration of the performance such as the red shift of light 
emitting, recombination degradation and increase of the 
threshold current. According to the present invention, When 
the nitride semiconductor laser device is groWn on A-plane 
of the GaN substrate prepared by crystallization from super 
critical ammonia-containing solution, the active layer of the 
laser device is not subject to the polarization effect. In such 
a case, the light emitting face of the resonator Will be 
M-plane, on Which M-plane end face ?lm can be formed and 
thus cleavage is easily performed. In case that the nitride 
semiconductor laser device is groWn on M-plane of the GaN 
substrate prepared by crystallization from supercritical 
ammonia-containing solution, the active layer is not subject 
to the polarization effect and A-plane end face ?lm being 
non-polar can be obtained on the light emitting face of the 
resonator. 

[0017] According to the present invention, a substrate for 
groWth means not only a substrate of only gallium-contain 
ing nitride but also a composite substrate (template) Which 
comprises gallium-containing nitride groWn on a heteroge 
neous substrate. In case that the gallium-containing nitride is 
formed on a heterogeneous substrate by crystallization from 
supercritical ammonia-containing solution, ?rst GaN, AlN 
or AlGaN layer is preformed on the heterogeneous substrate 
and then the gallium-containing nitride is formed thereon. 

[0018] The third invention is characterized by a light 
emitting device structure Which comprises a light emitting 
device comprising an n-type nitride semiconductor layer, an 
active layer comprising an In-containing nitride semicon 
ductor, and a p-type nitride semiconductor layer, formed on 
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a substrate for groWth, Wherein the light emitting device 
comprises a layer in the form of high-resistance single 
crystal having a general formula AlXGal_XN (Oéxé 1), pre 
pared by crystallization from supercritical ammonia-con 
taining solution as a current con?nement layer. Accordingly, 
it is possible to limit the ?oWing position of the electric 
current and con?ne the current Without forming the ridge in 
the laser device. Higher mixture ratio of Al in the crystal 
leads to the loWer refraction index so as to con?ne the light 
ef?ciently. The current con?nement layer made of AlN is 
preferred. 

[0019] According to the present invention, aforemen 
tioned single crystal layer is usually in the form of a 
non-doped crystal. Even if AlGaN layer has non-uniform 
mixture ratio of crystal in direction of the thickness and then 
a tendency of decreased mixture ratio from the beginning of 
forming step is shoWn, there is no hindrance to the function 
as a current con?nement layer. Furthermore, the layer can 
attain its function in the form of thin layer, i.e. several to 
several tens nm. Accordingly, When the AMMONO method 
is applied, alkali metal such as Na, K or Li etc, or alkali 
metal compound such as azide, amide, imide, amide-imide 
or hydride may be used as a mineralizer. Considering 
dissolving of the current con?nement layer With the super 
critical ammonia at the beginning of the AMMONO method, 
it is preferable that the thickness of the loWer layer of the 
current con?nement layer is set thicker than usual. When the 
current con?nement layer or gallium-containing nitride 
semiconductor layer is prepared by the AMMONO method, 
it is recommended that a mask may be formed having the 
loWer or same solubility in the supercritical ammonia. The 
formation of the mask can prevent the dissolution in the 
supercritical ammonia from the end face of the other layers 
of the nitride semiconductor, especially the dissolution of 
the active layer. The mask may be selected from the group 
consisting of SiO, SiN, AlN, Mo, W, and Ag. In the 
supercritical ammonia these materials for mask are more 
stable than GaN and the contact surface covered With the 
mask material can be prevented from the dissolution. In a 
later process, i.e. the process of formation of a ridge, the 
mask can be easily removed. 

[0020] In the AMMONO method using the supercritical 
ammonia, a nitride semiconductor is groWn in the super 
critical ammonia Wherein a gallium-containing nitride has 
the negative solubility curve. Detailed explanation of the 
method is disclosed in Polish Patent Application Nos. 
P647918, P-350375 and PCT Application No. PCT/IB02/ 
04185, so that those skilled in the art can easily carry out the 
present invention With reference to the abstract and 
examples explained beloW. 

[0021] In the present invention, gallium-containing nitride 
or nitride is de?ned as beloW and as the general formula 
AlXGa1_X_yInyN, Where 0§x<l, 0§y<l, and 0§x+y<l, and 
may contain a donor, an acceptor, or a magnetic dopant, as 
required. For example, if the donor is doped, the nitride can 
be changed into n-type, so that the gallium-containing 
nitride semiconductor layer can be formed on a part of 
n-type nitride semiconductor layer. If acceptor is doped, the 
nitride can be changed into p-type, so that the gallium 
containing nitride semiconductor layer is formed on a part of 
p-type nitride semiconductor layer. If a substrate for groWth 
is a conductive substrate, a laser device (FIG. 1) or LED 
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device (FIG. 4) having a pair of opposite electrodes can be 
obtained. It enables to introduce the huge electric current 
thereto. 

[0022] As Will be de?ned later, the supercritical solvent 
may contain NH3 and/ or a derivative thereof. The mineral 
izer may contain alkali metal ions, at least, ions of lithium, 
sodium or potassium. On the other hand, the gallium 
containing feedstock can be mainly composed of gallium 
containing nitride or a precursor thereof. The precursor can 
be selected from an azide, imide, amidoimide, amide, 
hydride, intermetallic compound, alloy or metal gallium, 
each of Which may contain gallium, as it is de?ned later. 

[0023] According to the present invention, seeds for form 
ing the substrate for groWth can be comprised With GaN 
prepared by HVPE, crystals formed on the Wall in the 
autoclave by spontaneous groWth during crystallization 
from supercritical ammonia-containing solution, crystals 
prepared by ?ux method or crystals prepared by high 
pressure method. It is preferable that a heterogeneous seed 
has a lattice constant of 2.8 to 3.6 With respect to aO-axis and 
a nitride semiconductor having a surface dislocation density 
of 106/cm2 or less is formed on the seed. Such a seed is 
selected from a body-centered cubic crystal system Mo or 
W, a hexagonal closest packing crystal system ot-Hf or ot-Zr, 
a tetragonal system diamond, a WC structure crystal system 
WC or W2C, a ZnO structure crystal system SiC, especially 
(X-SiC, TaN, NbN or AlN, a hexagonal (P6/mmm) system 
AgB2, AuB2, HfB2 or ZrB2, and a hexagonal (P63/mmc) 
system y-MoC e-MbN or ZrB2. In order to make the surface 
property, the appropriate condition for crystal groWth, Ga 
irradiation, NH3 process and Oxygen plasma process may be 
carried out as required, so that the heterogeneous seed has 
the Ga-polarity or N-polarity. Moreover, HCl process, HF 
process may be carried out, as required, to purify the surface. 
Or a GaN or AlN layer is formed on the heterogeneous seed 
by the vapor phase groWth, so that the crystallization can 
effectively be carried out by crystallization from supercriti 
cal ammonia-containing solution. After such processes, gal 
lium-containing nitride groWn on the seed by polishing or 
Wire saW, so as to prepare by a Wafer for a substrate for 
groWth. 

[0024] In the present invention, the crystallization of gal 
lium-containing nitride is carried out at a temperature of 100 
to 800° C., preferably 300 to 600° C., more preferably 400 
to 550° C. Also, the crystallization of gallium-containing 
nitride is carried out under a pressure of 100 to 10,000 bar, 
preferably 1,000 to 5,500 bar, more preferably 1,500 to 
3,000 bar. 

[0025] The concentration of alkali metal ions in the super 
critical solvent is adjusted so as to ensure the speci?ed 
solubilities of feedstock and gallium-containing nitride, and 
the molar ratio of the alkali metal ions to other components 
of the supercritical solution is controlled Within a range from 
1:200 to 1:2, preferably from 1:100 to 1:5, more preferably 
from 1:20 to 1:8. 

[0026] The present invention relates to a technique of an 
ammono-basic groWth of crystal Which comprises a chemi 
cal transport in a supercritical ammonia-containing solvent 
containing at least one mineralizer for imparting an 
ammono-basic property, to groW a single crystal of gallium 
containing nitride. This technique has a very high original 
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ity, and therefore, the terms herein used should be under 
stood as having the meanings de?ned as beloW in the present 
speci?cation. 
[0027] The term “gallium-containing nitride” in the speci 
?cation means a compound Which includes at least gallium 
and nitrogen atom as a consistent element. It includes the 
binary compound GaN, ternary compounds such as AlGaN, 
InGaN or also quaternary compounds AlInGaN, Where the 
range of the other elements to gallium can vary, in so far as 
the crystallization groWth technique of ammonobasic is not 
hindered. 

[0028] The term “gallium-containing nitride bulk single 
crystal” means a gallium-containing nitride single crystal 
substrate on Which an optic or electronic device such as LED 
or LD can be prepared by an epitaxial groWth process such 
as MOCVD, HVPE or the like. 

[0029] The term “a precursor of gallium-containing 
nitride” means a substance Which may contain at least 
gallium, and if needed, an alkali metal, an element of the 
Group XIII, nitrogen and/ or hydrogen, or a mixture thereof, 
and examples of such a precursor include metallic Ga, an 
alloy or an intermetallic compound of Ga, and a hydride, 
amide, imide, amido-imide or azide of Ga, Which can form 
a gallium compound soluble in a supercritical ammonia 
containing solvent as de?ned beloW. 

[0030] The term “gallium-containing feedstock” means a 
gallium-containing nitride or a precursor thereof. 

[0031] The term “supercritical ammonia-containing sol 
vent” means a supercritical solvent Which may contain at 
least ammonia, and ion or ions of at least one alkali metal for 
dissolving gallium-containing nitride. 

[0032] The term “mineralizer” means a supplier for sup 
plying one or more of alkali metal ions (Li, K, Na or Cs) for 
dissolving gallium-containing nitride in the supercritical 
ammonia-containing solvent. Concretely, the mineralizer is 
selected from the group consisting of Li, K, Na, Cs, LiNH2, 
KNH2, NaNH2, CsNH2, LiH, KH, NaH, CsH, Li3N, K3N, 
Na3N, CS3N, Li2NH, K2NH, NaZNH, Cs2NH, LiNH2, 
KNH2, NaNH2, CsNH2, LiN3, KN3, NaN3 and CsN3. 
[0033] The phrase “dissolution of gallium-containing 
feedstock” means a reversible or irreversible process in 
Which the feedstock takes the form of a gallium compound 
soluble in the supercritical solvent such as a gallium com 
plex compound. The gallium complex compound means a 
complex compound in Which a gallium atom as a coordi 
nation center is surrounded by ligands, e.g., NH3 or deriva 
tives thereof such as NH; and NH2_. 

[0034] The term “supercritical ammonia-containing solu 
tion” means a solution including a soluble gallium-contain 
ing compound formed by dissolution of gallium-containing 
feedstock in the supercritical ammonia-containing solvent. 
Based on our experiments, We have found that there is an 
equilibrium relationship betWeen the gallium-containing 
nitride solid and the supercritical solution under a suffi 
ciently high temperature and pressure conditions. Accord 
ingly, the solubility of the soluble gallium-containing nitride 
can be de?ned as the equilibrium concentration of the above 
soluble gallium-containing compound in the presence of 
solid gallium-containing nitride. In such a process, it is 
possible to shift this equilibrium by changing in temperature 
and/or pressure. 
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[0035] The phrase “negative temperature coef?cient of 
solubility” shown in the gallium-containing nitride in the 
supercritical ammonia means that the solubility is expressed 
by a monotonically decreasing function of the temperature, 
When all other parameters are kept constant. Similarly, the 
phrase “positive pressure coef?cient of solubility” means 
that the solubility is expressed by a monotonically increas 
ing function of the temperature, When all other parameters 
are kept constant. Based on our research, the solubility of 
gallium-containing nitride in the supercritical ammonia 
containing solvent has a negative temperature coef?cient at 
least Within the range of 300 to 550° C., and a positive 
pressure coef?cient at least Within the range of l to 5.5 kbar. 

[0036] The phrase “supersaturation of the supercritical 
ammonia-containing solution of gallium-containing nitride” 
means that the concentration of the soluble gallium com 
pounds in the above supercritical ammonia-containing solu 
tion is higher than the concentration in the equilibrium state, 
i.e., the solubility of gallium-containing nitride. In case of 
the dissolution of gallium-containing nitride in a closed 
system, such supersaturation can be achieved, according to 
the negative temperature coe?icient or a positive pressure 
coef?cient of solubility, by raising the temperature or reduc 
ing the pressure. 

[0037] The chemical transport from the loWer temperature 
dissolution zone to higher temperature crystallization zone is 
important for gallium-containing nitride in the supercritical 
ammonia-containing solution. The phrase “the chemical 
transport” means a sequential process including the disso 
lution of gallium-containing feedstock, the transfer of the 
soluble gallium compound through the supercritical ammo 
nia-containing solution, and the crystallization of gallium 
containing nitride from the supersaturated supercritical 
ammonia-containing solution. In general, a chemical trans 
port process is carried out by a certain driving force such as 
a temperature gradient, a pressure gradient, a concentration 
gradient, difference in chemical or physical properties 
betWeen the dissolved feedstock and the crystallized prod 
uct, or the like. Preferably, the chemical transport in the 
process of the present invention is achieved by carrying out 
the dissolution step and the crystallization step in separate 
zones, provided that the temperature of the crystallization 
zone is maintained higher than that of the dissolution zone, 
so that the gallium-containing nitride bulk single crystal can 
be obtained by the processes of this invention. 

[0038] The term “seed” has been described above. 
According to the present invention, the seed provides a 
region or area on Which the crystallization of gallium 
containing nitride is alloWed to take place. Seed may be a 
laser device or LED device, Whose surface is exposed for 
forming a current con?nement layer. Moreover, the groWth 
quality of the crystal depends on the quality of the seed for 
forming the substrate for groWth. Thus, the seed of a high 
quality should be selected. 

[0039] The term “spontaneous crystallization” means an 
undesirable phenomenon in Which the formation and the 
groWth of the core of gallium-containing nitride from the 
supersaturated supercritical ammonia-containing solution 
occur at any site inside the autoclave, and the spontaneous 
crystallization also includes disoriented groWth of the crystal 
on the surface of the seed. 

[0040] The term “selective crystallization on the seed” 
means a step of alloWing the crystallization to take place on 
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the surface of the seed, accompanied by substantially no 
spontaneous groWth. This selective crystallization on the 
seed is essential for the groWth of a bulk single crystal, it is 
also one of the conditions to form aforementioned gallium 
containing nitride semiconductor layer, electric current con 
?nement layer and a substrate for groWth by applying 
crystallization from supercritical ammonia-containing solu 
tion. 

[0041] The autoclave to be used in the present invention is 
a closed system reaction chamber for carrying out the 
ammono-basic groWth of the crystal and any form of the 
autoclave is applicable. 

[0042] In this regard, the temperature distribution in the 
autoclave, as described later in the part of Examples, is 
determined by using an empty autoclave, i.e. Without the 
supercritical ammonia, and thus, the supercritical tempera 
ture is not the one actually measured. On the other hand, the 
pressure in the autoclave is directly measured, or it is 
determined by the calculation from the amount of ammonia 
initially introduced, and the temperature and the volume of 
the autoclave. 

[0043] It is preferable to use an apparatus as described 
beloW, to carry out the above process. An apparatus accord 
ing to the present invention provides an autoclave for 
preparing the supercritical solvent, characterized in that a 
convection control means for establishing a convention How 
is arranged in the autoclave, and a furnace unit is equipped 
With a heater or a cooler. 

[0044] The fumace unit includes a higher temperature 
zone, equipped With a heater, Which corresponds to the 
crystallization zone in the autoclave, and a loWer tempera 
ture zone, equipped With a heater or a cooler, Which corre 
sponds to the dissolution zone in the autoclave. The con 
vection control means may be composed of at least one 
horizontal baf?e having a central opening and/or a periphery 
space and dividing the crystallization zone from the disso 
lution zone. Inside the autoclave, the feedstock is located in 
the dissolution zone, and the seed is located in the crystal 
lization zone, and convection How in the supercritical solu 
tion betWeen tWo zones is controlled by the convection 
control means. It is to be noted that the dissolution zone is 
located above the horizontal ba?le, and the crystallization 
zone, beloW the horizontal ba?le. 

[0045] Crystallization from supercritical ammonia-con 
taining solution (AMMONO method) is summarized as 
folloWs. In the reaction system, the negative dissolution 
curve (negative temperature coef?cient of solubility) means 
that the solubility of the nitride semiconductor is loWer in the 
higher temperature zone and the solubility thereof is higher 
in the loWer temperature zone. When the temperature dif 
ference is controlled properly in the higher temperature zone 
and the loWer temperature zone inside the autoclave, the 
nitride are dissolved in the loWer temperature zone and it is 
recrystallized in the higher temperature zone. Due to the 
generated convection ?oW from the loWer temperature zone 
to the higher temperature zone, a predetermined concentra 
tion of nitrides can be kept in the higher temperature zone 
and the nitrides can be selectively groWn on the seed. 
Moreover, the aspect ratio (longitudinal direction/ lateral 
direction) in the reaction system inside the autoclave is 
preferably set 10 or more, so that the convection How does 
not stop. The convection control means is located Within the 
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range from 1/3 to Z/3 of the total length of the inner chamber 
of the autoclave. The ratio of opening in the horizontal ba?le 
on the cross-sectional area is set at 30% or less, so that the 
spontaneous crystallization can be prevented. 

[0046] The Wafer is thus placed in the higher temperature 
zone, and the feedstock in the loWer temperature zone in the 
reaction system inside the autoclave. Dissolution of the 
feedstock in the loWer temperature zone leads to the super 
saturation. In the reaction system, a convection How is 
generated, due to Which the dissolved feedstock ?oWs to the 
higher temperature zone. Due to a loWer solubility at the 
higher temperature zone, the dissolved feedstock becomes 
recrystallized on the Wafer Which is the seed. Recrystalli 
zation carried out in this Way results in forming a bulk single 
crystal layer. Moreover, a characteristic feature of this 
method, as compared to the methods by Which nitride 
semiconductor is formed from the vapor phase groWth at 
temperature over 900° C., is the fact that it alloWs groWth of 
nitride semiconductor at a temperature preferably 600° C. or 
less, and more preferably 5500 C. or less. Due to this, in the 
Wafer placed in the higher temperature zone a thermal 
degradation of the active In-containing layer does not occur. 

[0047] The material of the feedstock depends on the 
composition of the single crystal layer. In case that GaN is 
used, GaN single crystal, GaN poly crystal, GaN precursor 
or metallic Ga can generally be used, GaN single crystal or 
GaN poly crystal can be formed and then recrystallized. 
GaN prepared by the vapor phase groWth, such as HVPE 
method or MOCVD method, by AMMONO method, by ?ux 
method or by high pressure method can be used. GaN 
poWder in the form of a pellet can also be used. The 
precursor of GaN may contain gallium azide, gallium imide, 
gallium amide or the mixture thereof. In case of AlNi 
similarly as GaNiAlN single crystal, AlN poly crystal, AlN 
precursor or metallic Al is used, AlN single crystal or AlN 
poly crystal can be formed and then recrystallized. AlGaN is 
a mixed crystal of AlN and GaN, and the feedstock thereof 
may be mixed appropriately. Moreover, the usage of metal 
and single crystal or poly crystal (for example, metallic Al 
and GaN single crystal or poly crystal) and preferably 
adding more than tWo kinds of mineralizer etc. can lead to 
a predetermined composition. 

[0048] It is possible to use alkali metals, such as Li, Na, K, 
Cs or complexes of alkali metals, such as alkali metal azide, 
alkali metal amide, alkali metal imide as a mineralizer. A 
molar ratio of the alkali metal to ammonia ranges from 1:200 
to 1:2. Li is preferably used. Li is a mineralizer, for Which 
the solubility of nitride is loW, Which leads to restraint of 
dissolution of the uncovered nitride semiconductor device, 
preventing the spontaneous crystallization and effective for 
mation of the thin layers of the thickness from ten to several 
tens nm. 

BRIEF DESCRIPTION OF DRAWINGS 

[0049] FIG. 1 is a schematic cross-sectional vieW of the 
end face of the nitride semiconductor laser device according 
to the present invention. 

[0050] FIG. 2A-2E represent the schematic cross-sec 
tional vieW illustrating a manufacturing process of the 
nitride semiconductor laser device, in case of the preferred 
embodiment according to the present invention. 
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[0051] FIGS. 3A and 3B represent the schematic cross 
sectional vieW of the end face of the nitride semiconductor 
laser device according to the present invention. 

[0052] FIG. 4A to 4F represent the schematic cross 
sectional vieW illustrating a manufacturing process of the 
nitride semiconductor laser device, in case of the preferred 
embodiment according to the present invention. 

[0053] FIG. 5 is a schematic cross-sectional vieW of the 
nitride semiconductor LED device according to the present 
invention. 

[0054] FIG. 6 is a schematic vieW of the nitride semicon 
ductor LED device according to the present invention. 

[0055] FIG. 7 is a schematic vieW of the nitride semicon 
ductor LED device according to the present invention. 

[0056] FIG. 8 is a schematic vieW of the nitride semicon 
ductor LED device according to the present invention. 

[0057] FIG. 9 presents a frame format of the substrate in 
Which A-plane being parallel to c-axis is cut out from the 
bulk single crystal and a light emitting end face is formed on 
M-plane. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0058] Further herein a detailed description of the embodi 
ments of the present invention is provided. 

[0059] The schematic cross-sectional vieW of the semi 
conductor laser according to the present invention is shoWn 
in FIG. 1. On the substrate 1 for groWth, the n-type nitride 
semiconductor layer 2 and the p-type nitride semiconductor 
layer 4 are formed. BetWeen them there is the active layer 3 
of a single quantum Well or a multi quantum Well structure 
in the form of an In-containing nitride semiconductor. This 
results in the laser device having a good light emitting 
ef?ciency at the Wavelength region betWeen near-ultraviolet 
and green visible light (from 370 nm to 550 nm). The n-type 
nitride semiconductor layer 2 is composed of an n-type 
contact layer 21, a InGaN crack-preventing layer 22, an 
n-type AlGaN clad layer 23 and an n-type GaN optical guide 
layer 24. The n-type contact layer 21 and the crack-prevent 
ing layer 22 can be omitted. The p-type nitride semiconduc 
tor layer 4 is composed of a cap layer 41, a p-type AlGaN 
optical guide layer 42, a p-type AlGaN clad layer 43 and a 
p-type GaN contact layer 44. According to the present 
invention, gallium-containing nitride semiconductor layer 
prepared by the crystallization from supercritical ammonia 
containing solution can be used in the n-type nitride semi 
conductor layer 2 or p-type nitride semiconductor layer 4. 
The substrate 1 is comprised With a bulk single crystal and 
the dislocation thereof is remarkably loW, i.e. about 104/cm2. 
Therefore, the n-type contact layer 21 can be formed Without 
ELO layer for decreasing dislocation, AlGaN layer for 
decreasing the pits or buffer layer. The substrate is a con 
ductive substrate and n-type electrode is formed beloW the 
substrate so that the p-type electrode and the n-type elec 
trode compose a face-type electrodes structure. In the above 
embodiment, the resonator of the semiconductor laser 
device is composed of the active layer 3, the p-type optical 
guide layer 24, n-type optical guide layer 42 and the cap 
layer 41. 
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[0060] Further herein the typical manufacturing method of 
the nitride semiconductor laser device of the present 
embodiment is provided. 

[0061] FIG. 2A to 2E illustrate the process Which com 
prises the steps of forming a laser device on the C-plane 
using a conductive GaN substrate as a substrate for growth 
and a n-type electrode beloW the substrate. 

[0062] FIG. 4A to 4E illustrate the process Which com 
prises the steps of forming a n-type nitride semiconductor 
layer 2, an active layer 3 and a ?rst p-type nitride semicon 
ductor layer 4A of a laser device, and then forming a current 
con?nement layer 5 by crystallization from supercritical 
ammonia-containing solution, and ?nally forming a second 
p-type nitride semiconductor layer 4B. Next, after groWing 
a nitride semiconductor layer, a p-type electrode is formed 
on the second p-type nitride semiconductor layer 4B and 
n-type electrode is formed beloW the substrate for groWth so 
that a laser device can be obtained. 

[0063] The ?rst method shoWn in FIG. 2, the conductive 
substrate for groWth is ?rst prepared. (FIG. 2A) Next, the 
Wafer is prepared on the C-plane of Substrate 1 by depos 
iting successively the n-type nitride semiconductor layer 2 
composed of an n-type contact layer 21, a crack-preventing 
layer 22, an n-type clad layer 23 and an n-type optical guide 
layer 24, then the active layer 3 and ?nally the p-type nitride 
semiconductor layer 4 composed of a protective layer 41, a 
p-type optical guide layer 42, a p-type clad layer 43 and a 
p-type contact layer 44. (FIG. 2B) According to the present 
invention, a gallium-containing nitride semiconductor layer 
prepared by crystallization from supercritical ammonia 
containing solution is intercalated in the n-type nitride 
semiconductor layer and/ or the p-type nitride semiconductor 
layer so that the crystalline quality of the laser device can be 
recovered. In this process, since the substrate for groWth is 
used, the dislocation of the epitaxial layer can be decreased 
Without forming the n-type nitride semiconductor layer 2 
through a buffer layer prepared at the loW temperature an 
ELO layer. The n-type contact layer 21 or the crack pre 
venting layer 22 can be omitted. 

[0064] Next, the Wafer is etched and a ridge is formed. 
Then the buried layer 70 is formed to cover the ridge and 
next the p-type electrode 80 is formed. The ridge stripe 
Which performs the optical Wave guide is formed in the 
direction of the resonator. The Width of the ridge is from 1.0 
pm to 20 um and the ridge reaches the p-type clad layer or 
the p-type guide layer. The buried layer is made of SiO2 ?lm 
or ZrO2 ?lm etc. A p-type ohmic electrode 80 is formed to 
be in contact With the p-type contact layer 43 Which is on the 
top surface of the ridge. Both of single ridge and plural 
ridges can be used. A multi-stripe-type laser device can be 
obtained by plural ridges. Next, a p-type pad electrode is 
formed. Moreover, a SiOZ/TiO2 serves as a re?ecting ?lm for 
laser oscillation due to an alternate arrangement and a 
patterning of the SiO2 and TiO2 layers. Finally, each nitride 
semiconductor laser device is cut out from the Wafer by 
scribing. In this Way a ?nished nitride semiconductor laser 
device is obtained. (FIG. 2E, FIG. 1) 

[0065] FIG. 4A to 4E illustrate the process of manufac 
turing a laser device comprising a current con?nement layer. 
A-plane of the substrate 1 is cut out from the bulk single 
crystal as illustrated in FIG. 9 and used as a substrate, and 
a light emitting end face is M-plane so that a laser device can 
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be obtained by cleavage. On the substrate 1 for groWth the 
n-type nitride semiconductor layer 2 and the active layer 3 
are deposited successively. Next, the ?rst p-type nitride 
semiconductor layer 4A is formed. (FIG. 4A) The same 
reference numeral is given to the same element to omit the 
explanation. Next, the ?rst p-type nitride semiconductor 
layer 4A is prepared by etching in the form of convex-shape. 
(FIG. 4B) Then, the current con?nement layer 5 is prepared 
by crystallization from supercritical ammonia-containing 
solution using the gallium-containing nitride semiconductor 
layer. (FIG. 4C) Further, the second p-type nitride semi 
conductor layer 4B is formed. (FIG. 4D) The p-type ohmic 
electrode 80 is formed to be in contact With the second 
p-type nitride semiconductor layer 4B. Next, the n-type 
electrode 90 is formed beloW the substrate 1. (FIG. 4E) 
Next, the p-type pad electrode 110 is formed. Next, the light 
emitting end face is formed by cleavage, so that the Wafer 
becomes in the form of a bar. After such process, the light 
emitting ?lm may be formed on the light emitting end face 
so as to obtain a laser device by cleaving. The current 
con?nement layer 5 can be arranged at the side of the p-type 
nitride semiconductor layer (FIG. 3A) or n-type nitride 
semiconductor layer (FIG. 3B) 

[0066] In case that the current con?nement layer 5 is 
formed, the single crystal AlGaN layer can be formed at a 
loW temperature, i.e. from 500° C. to 600° C., by applying 
crystallization from supercritical ammonia-containing solu 
tion. P-type nitride layer can be formed Without degradation 
of the active In-containing layer. 

[0067] FIG. 5 illustrates the obtained LED device having 
a gallium-containing nitride semiconductor layer prepared 
by crystallization from supercritical ammonia-containing 
solution. 

[0068] After the gallium-containing nitride semiconductor 
layer 202 is formed directly on the conductive substrate 201 
Without forming buffer layer prepared at loW temperature, a 
modulation doped layer 203 composed of undoped GaN/ Si 
doped GaN/undoped GaN and an active layer 205 composed 
of InGaN Well layer/GaN barrier layer through a superlattice 
layer 204 are formed. LED is obtained by successively 
depositing a p-type clad layer 206, an undoped AlGaN layer 
207 and a p-type contact layer 208 on the top surface of the 
active layer 205. The p-type electrode 209 and n-type 
electrode 210 are simultaneously formed on the p-type 
contact layer 208 and beloW the substrate 201, respectively. 

[0069] According to the present invention, the gallium 
containing nitride semiconductor layer 202 can be formed 
instead of the modulation doped layer 203 and the super 
lattice layer 204, While the n-type contact layer is formed on 
one bottom side, and the gallium-containing nitride semi 
conductor layer 202 can be formed on the active layer. As 
described above, AMMONO method Which enables to form 
the single crystal at a loW temperature alloWs simplifying the 
device structure as Well as recovering the crystalline quality 
and decreasing the dislocation density. 

[0070] The folloWing examples are intended to illustrate 
the present invention and should not be construed as being 
limiting. 

EXAMPLE 1 

[0071] The GaN substrate 1 doped With Si of 2 inch 
diameter on C-plane as a groWth face is placed in a MOCVD 
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reactor. Temperature is set at 1050° C. Hydrogen is used as 
a carrier gas, and ammonia and TMG (thrimethylgallium) 
are used as gaseous materials. 

[0072] On the substrate, the following layers are deposited 
one after the other: 

[0073] (1) 4 pm thickness n-type GaN contact layer, doped 
With Si at the level of 3x10l8/cm3. 

[0074] (2) n-type clad layer, in the form of the superlattice 
of the total thickness being 1.2 pm, formed by alternate 
deposition of 25 angstroms thickness undoped AlO_lGaO_9N 
layer and n-type GaN layer doped With Si at the level of 
1><1019/cm3. 

[0075] (3) a Wafer is introduced into the reactor (auto 
clave), inside Which is ?lled With the supercritical ammonia. 
Having been ?lled With the feedstock in the form of GaN of 
0.5 g, ammonia of 14.7 g and mineraliZer in the form of Li 
of 0.036 g, the autoclave (36 cm3) is tightly closed at a 
temperature 5000 C. or less inside the autoclave. The internal 
chamber of the autoclave is divided into tWo Zones: the 
higher temperature Zone and the loWer temperature Zone. In 
the higher temperature Zone of 550° C. there is a Wafer, 
Whereas in the loWer temperature Zone of 450° C. there is 
feedstock in the form of GaN and Ga metal. The sealed 
autoclave is left for three days. Under the loW temperature 
condition, the layer for recovering the crystalline quality of 
100 angstrom thickness in the form of single crystal GaN is 
groWn in supercritical ammonia. 

[0076] (4) Then the Wafer is taken out from the autoclave 
and set in the MOCVD reactor device at a temperature of 
1050° C. 0.2 um thickness undoped GaN n-type optical 
guide layer. 

[0077] (5) an active layer of the total thickness being 380 
angstroms in the form of layers alternately arranged, i.e. 
barrier layer/Well layer/barrier layer/Well layer/barrier layer, 
Wherein 100 angstroms thickness With Si doped 
lnO_O5GaO_95N layer forms a barrier layer, and 40 angstroms 
thickness undoped lnO_lGaO_9N layer forms a quantum Well 
layer. 

[0078] (6) 0.2 pm thickness undoped GaN p-type optical 
guide layer. 

[0079] (7) p-type clad layer in the form of the superlattice 
of the total thickness being 0.6 pm, formed by alternate 
deposition of 25 angstroms thickness undoped 
AlO_16GaO_84N layer and 25 angstroms thickness undoped 
GaN layer. 

[0080] (8) 150 angstroms thickness p-type contact layer of 
p-type GaN doped With Mg at the level of 1><102O/cm3. 

[0081] After the above layers are deposited, the formed 
Wafer is subject to annealing at 700° C. in the MOCVD 
reactor device under the nitrogen atmosphere, due to Which 
the resistance of the p-type nitride semiconductor layer is 
additionally reduced. 

[0082] After annealing, the Wafer is taken out from the 
reactor and a protective ?lm (mask) in the form of SiO2 
stripe is deposited on the surface of the top p-type contact 
layer. Next, by using RIE method, the Wafer is etched and a 
stripe is formed, uncovering thereby end faces of the reso 
nator and the surface of the n-type contact layer. The SiO2 
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protective ?lm (mask) formed on the surface of the p-type 
contact layer is removed by using the Wet etching method. 

[0083] Next, under the loW temperature condition, in the 
supercritical ammonia 100, angstrom thick single crystal 
GaN end face ?lm is groWn on the stripe end face, stripe 
lateral face and uncovered surfaces of the p-type contact 
layer. 
[0084] After a single crystal GaN end face ?lm, Which can 
be omitted, is formed, the single crystal GaN formed on the 
surface of the top p-type contact layer is removed by 
etching. Next, the surface of the p-type contact layer is 
covered With the SiO2 mask in the form of 1.5 um Wide strips 
and etching of the p-type clad layer is continued until a ridge 
is formed on the strip part. Etching is carried out until 
thickness of the p-type clad layer becomes 0.1 pm on both 
sides of ridge. 

[0085] 
[0086] Next, by use of the ion sputtering method, a 0.5 pm 
thickness ZrO2 ?lm is formed so that it Would cover stripe 
surfaces over the SiO2 mask. 

In this Way a ridge part of 1.5 pm Width is formed. 

[0087] After the thermal processing, the buried layer 70 in 
the form of the ZrO2 ?lm is deposited on the top stripe 
surface, on the lateral face of ridge and on the surface of the 
p-type clad layer located on both sides of ridge. This ZrO2 
?lm alloWs stabiliZing a lateral mode at the moment of laser 
oscillation. 

[0088] Next the p-type electrode 80 in the form of Ni/Au 
is formed on the p-type contact layer, so that an ohmic 
contact Would appear, and the n-type electrode 90 in the 
form of Ti/Al beloW the substrate 1. Then, the Wafer is 
subject to the thermal processing at 600° C. Next, pad 
electrode in the form of Ni(1 000 A)-Ti(1000 A)-Au(8000 A) 
is laid on the p-type electrode. After a re?ecting ?lm 100 in 
the form of SiO2 and TiO2 is formed, each nitride semicon 
ductor laser device is cut out from the Wafer by scribing. 

[0089] Each nitride semiconductor laser device manufac 
tured in this Way is equipped With a heat sink and the laser 
oscillation is carried out. Due to an increased COD level, 
prolonged continuous oscillation time is expectediWith 
threshold current density: 2.0 kA/cm2, poWer output: 100 
mW, preferably 200 mW, and 405 nm oscillation Wave 
length. 

EXAMPLE 2 

[0090] GaN substrate 1 for groWth doped With Si is 
prepared by crystallization from supercritical ammonia 
containing solution, Whereas other stages of production of 
the nitride semiconductor laser device are carried out simi 
larly as in Example 1. 

[0091] Each laser device manufactured in this Way is 
equipped With a heat sink and the laser oscillation is carried 
out. Prolonged laser lifetime in continuous oscillation mode 
is expectediWith threshold current density: 2.0 kA/cm2, 
poWer output: 100 mW and 405 nm oscillation Wave 
lengthisimilar as in Example 1. 

EXAMPLE 3 

[0092] First, a GaN substrate 1 doped With Si of 2 inch 
diameter on C-plane as a groWth face is placed in a MOCVD 
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reactor. Temperature is set at 1050° C. Hydrogen is used as 
a carrier gas, and ammonia and TMG (thrimethylgallium) 
are used as gaseous materials. 

[0093] On the substrate, the following layers are deposited 
one after the other: 

[0094] (1) 4 pm thickness n-type GaN contact layer, doped 
With Si at the level of 3x10l8/cm3. 

[0095] (2) n-type clad layer, in the form of the superlattice 
of the total thickness being 1.2 pm, formed by alternate 
deposition of 25 angstroms thickness undoped AlO_lGaO_9N 
layers and n-type GaN layers doped With Si at the level of 
1 x 1 019/ cm3 . 

[0096] (3) 0.2 pm thickness undoped GaN n-type optical 
guide layer. 
[0097] (4) an active layer of the total thickness being 380 
angstroms in the form of layers alternately arranged, i.e. 
barrier layer/Well layer/barrier layer/Well layer/barrier layer, 
Wherein 100 angstroms thickness With Si doped 
InO_O5GaO_95N layer forms a barrier layer, and 40 angstroms 
thickness undoped InO_lGaO_9N layer forms a quantum Well 
layer. 
[0098] (5) the p-type optical guide layer undoped GaN of 
0.2 pm as a ?rst p-type nitride semiconductor layer. 

[0099] (6) Next, the ?rst p-type nitride semiconductor 
layer except the area for the passage of a current is removed 
by etching. (FIG. 4B) 
[0100] (7) the Wafer is introduced into the reactor (auto 
clave), inside Which is ?lled With supercritical ammonia. 
Having been ?lled With the feedstock in the form of A1 of 0.5 
g, ammonia of 14.7 g and mineraliZer in the form of Li of 
0.036 g, the autoclave (36 cm3) is tightly closed at a 
temperature 5000 C. or less inside the autoclave. The internal 
chamber of the autoclave is divided into tWo Zones: the 
higher temperature Zone and the loWer temperature Zone. In 
the higher temperature Zone of 550° C. there is a Wafer, 
Whereas in the loWer temperature Zone of 450° C. there is 
feedstock in the form of Al metal. The sealed autoclave is 
left for three days. Under the loW temperature condition the 
current con?nement layer 5 of 100 angstrom thickness in the 
form of Al is groWn in supercritical ammonia. 

[0101] (8) the Wafer is taken out from the autoclave and set 
in the MOCVD reactor device at a temperature of 1050° C. 
The p-type clad layer as the second p-type nitride semicon 
ductor layer in the form of the superlattice of the total 
thickness being 0.6 um, formed by alternate deposition of 25 
angstroms thickness undoped AlO_16GaO_84N layer and 25 
angstroms thickness undoped GaN layer. 

[0102] (9) 150 angstroms thick p-type contact layer of 
p-type GaN doped With Mg at the level of 1><102O/cm3. 

[0103] After the above layers are deposited, the formed 
Wafer is subject to annealing at 700° C. in the MOCVD 
reactor device under the nitrogen atmosphere, due to Which 
the resistance of the p-type nitride semiconductor layer is 
additionally reduced. 

[0104] After annealing, the Wafer is taken out from the 
reactor. 

[0105] After a single crystal GaN end face ?lm, Which can 
be omitted, is formed on the light emitting face, the single 
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crystal GaN formed on the surface of the top p-type contact 
layer is removed by etching. Next, the p-type electrode 80 in 
the form of Ni/Au is formed on the surface of the p-type 
contact layer so that an ohmic contact Would appear, and the 
n-type electrode 90 in the form of Ti/Al beloW the substrate 
1. Then, the Wafer is subject to the thermal processing at 
600° C. Next, pad electrode in the form of Ni(1000 
A)-Ti(1000 A)-Au(8000 A) are laid on the p-type electrode. 
After a re?ecting ?lm 100 in the form of SiO2 and TiO2 is 
formed, each nitride semiconductor laser device is cut out 
from the Wafer by scribing. 

[0106] Each nitride semiconductor laser device manufac 
tured in this Way is equipped With a heat sink and the laser 
oscillation is carried out. Due to the increase of a COD level, 
prolonged continuous oscillation time is expectediWith 
threshold current density: 2.0 kA/cm2, poWer output: 100 
mW, preferably 200 mW, and 405 nm oscillation Wave 
length. 
[0107] Each laser device manufactured in this Way is 
equipped With a heat sink and the laser oscillation is carried 
out. Prolonged laser lifetime in continuous oscillation mode 
is expectediWith threshold current density: 2.0 kA/cm2, 
poWer output: 100 mW and 405 nm oscillation Wave 
lengthisimilar as in Example 1. 

INDUSTRIAL APPLICABILITY 

[0108] As described above, since the nitride semiconduc 
tor light emitting device according to the present invention 
comprises a gallium-containing nitride semiconductor layer 
prepared by crystallization from supercritical ammonia 
containing solution, the crystalline quality can be recovered, 
While otherWise it Would be degraded after forming the layer 
of quaternary or ternary compound. As the result there can 
be provided a laser device Which is excellent in the lifetime 
property and current resistant property. 

[0109] Moreover, non-polar nitride A-plane or non-polar 
nitride M-plane is cut out from the bulk single crystal, the 
substrate for groWth is prepared in this Way, and the laser 
device can be formed on the A-plane or M-plane as an 
epitaxial groWth face. Thus, there can be obtained the laser 
device Wherein the active layer is not in?uenced by the 
polariZation and there is no cause of the deterioration of the 
performance such as the red shift of light emitting, recom 
bination degradation and increase of the threshold current. 

[0110] Furthermore, in case that the current con?nement 
layer is formed at a loWer temperature, the laser device can 
be obtained Without the device degradation, and the process 
for forming the ridge can be omitted. 

[0111] Moreover, the nitride layer can be formed in the 
form of single crystal at loW temperature, so that the active 
In-containing layer is not in?uenced by degradation or 
damaged. Therefore the function and lifetime of the device 
can be improved. 

1. A light emitting device structure comprising an n-type 
nitride semiconductor layer, an active layer comprising an 
In-containing nitride semiconductor, and a p-type nitride 
semiconductor layer, formed on a substrate for groWth, 

Wherein said light emitting device structure comprises a 
gallium-containing nitride semiconductor layer pre 
pared by crystallization from supercritical ammonia 
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containing solution formed on ternary or quaternary 
nitride layer in said nitride semiconductor layer. 

2. The light emitting device structure according to claim 
1, Wherein said substrate is a gallium-containing nitride bulk 
single crystal prepared by crystallization from supercritical 
ammonia-containing solution. 

3. The light emitting device structure according to claim 
1, Wherein said substrate has at least one plane selected from 
the group comprising A-plane, M-plane, R-plane, C-plane, 
{l-lOn (n is a natural number)}, and {ll-2m (m is a natural 
number)} of the gallium-containing nitride bulk single crys 
tal, as its oWn surface. 

4. The light emitting device structure according to claim 
1, Wherein said substrate is not a substrate of nitride semi 
conductor. 

5. The light emitting device structure according to claim 
1, Wherein said substrate has dislocation density of l06/cm2 
or less. 

6. The light emitting device structure according to claim 
1, Wherein said n-type nitride semiconductor layer is depos 
ited on the substrate directly or through the AlXGal_XN 
(Oéxé l) bulTer layer. 

7. The light emitting device structure according to claim 
1, Wherein said substrate is a composite substrate (template), 
Which comprises gallium-containing nitride groWn on a 
heterogeneous substrate by crystallization from supercritical 
ammonia-containing solution. 

8. The light emitting device structure comprising an 
n-type nitride semiconductor layer, an active layer compris 
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ing an ln-containing nitride semiconductor, and a p-type 
nitride semiconductor layer, formed on a substrate for 
groWth, 

Wherein said light emitting device structure comprises a 
single crystal AlXGal_XN (Oéxél) layer doped With 
impurities prepared by crystallization from supercriti 
cal ammonia-containing solution. 

9. The light emitting device structure comprising an 
n-type nitride semiconductor layer, an active layer compris 
ing an ln-containing nitride semiconductor, and a p-type 
nitride semiconductor layer, formed on a substrate for 
groWth, 

Wherein said light emitting device structure comprises a 
high-resistance single crystal AlXGal_XN (Oéxé 1) 
layer prepared by crystallization from supercritical 
ammonia-containing solution as a current con?nement 
layer. 

10. The light emitting device structure according to claim 
8, Wherein said active layer is a quantum Well layer structure 
comprising at least one of lnGaN Well layer or lnAlGaN 
Well layer. 

11. The light emitting device structure according to claim 
1, Wherein said light emitting device structure is used for a 
semiconductor laser device and formed on A-plane or 
M-plane of the bulk single crystal gallium-containing nitride 
semiconductor substrate, and the light emitting surface of 
the resonator is M-plane of A-plane. 

* * * * * 


