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(57) ABSTRACT

A method 1s disclosed for growing a nitrogen-containing
I1I-V alloy semiconductor on a semiconductor substrate
such as GaAs, which 1s formed by MOCVD method using
nitrogen containing organic compounds having relatively
low dissociation temperatures. The alloy semiconductor has
a high nitrogen content which exceeds the contents previ-
ously achieved, and has a high photoluminescence intensity.

There are also disclosed fabrications of semiconductor
devices comprising the alloy semiconductors, such as het-
erostructure and homo-junction light emitting devices.
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METHODS FOR GROWING
SEMICONDUCTORS AND DEVICES
THEREOF THE ALLOY SEMICONDUCTOR
GAINNAS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application, filed May 17, 2001, is an application for
reissue of U.S. Pat. No. 5,904,549, issued May 18, 1999,
based on U.S. application Ser. No. 08/834,959, filed Apr. 7,

1997, the entive contents of each of which ave incorporated
by reference herein. In addition, co-pending reissue applica-

tion Ser. No. 10/603,418, filed Jun. 24, 2003, is a continua-

tion of this reissue application.

BACKGROUND

1. Field of the Invention

This 1mvention relates 1 general to semiconductors and
semiconductor devices and more particularly, to methods for
growing nitrogen-containing alloy semiconductors and
semiconductor devices such as semiconductor lasers and
light emitting diodes comprising the alloy semiconductors.

2. Description of the Related Art

Compound semiconductors 1n general and nitrogen-
containing III-V alloy semiconductors 1n particular have
recently received considerable attention as a group of new
semiconductor materals.

As an example of methods for growing a III-V alloy
semiconductor, there has been disclosed an epitaxial growth
ol a nmitrogen-containing II1-V alloy semiconductor on a sili-
con substrate (Japanese Laid-Open Patent Application
H6-334168). In the disclosure, a nitrogen-containing alloy
semiconductor 1s epitaxially grown without dislocations by
the lattice misiit, thereby leading to feasibility of fabricating
I1I-V compound semiconductor devices on silicon.

There are also disclosed nitrogen-containing alloy semi-
conductors such as GalnNAs, AlGaNAs, and GaNAs, which
can be lattice matched to substrates such as GaAs, InP, and
GaP (Japanese Laid-Open Patent Application H6-037335).
Although 1t has been previously considered that no known
I1I-V alloy semiconductor 1s grown, which had a smaller
bandgap energy than that of GaAs and lattice matched to
GaAs, recent results of the alloy semiconductor growths
indicate that the above-mentioned GalnNAs alloy
semiconductor, for example, can be grown as a material lat-
tice matched to the GaAs substrate.

Since the GalnNAs compound semiconductor has a
smaller bandgap energy than that of GaAs, above growth
results of GalnNAs alloy semiconductor may lead to the
teasibility of light emitting devices of which wavelength of
the light emission 1s 1n the range of about 1.5 micron, longer
than that from GaAs. As alorementioned, that has been pre-
viously conceived not feasible by the devices fabricated on
(GaAs substrates.

In the growth of the above-mentioned nitrogen-containing,
I1I-V alloy semiconductors, a group V element such as
arsenic, for example, 1s desorbed from the surface of a sub-
strate with ease even at relatively low temperatures.
Theretore, the alloy semiconductors are preferably grown at
temperatures as low as possible.

As a source material for nitrogen, NH, has been used
conventionally. However, the use of NH, 1s not completely
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satisfactory, since temperatures for alloy semiconductor
growth have to be relatively high because of a relatively high
dissociation temperature of NH; and an unduly desorption
of arsenic results at such temperatures. Therefore, NH, 1s not
preferred as a source material for the growth of alloy semi-
conductors which simultaneously contain both nitrogen and
arsenic.

Accordingly, in place of the use of NH, as 1s in conven-
tional growths, active species which are generated by a high
frequency plasma excitation of mitrogen, have been used as
the source material for nitrogen. These species are used for a
growth of nitrogen-containing III-V alloy semiconductors
by, for example, molecular beam epitaxy (MBE) which 1s
carried out under very low pressures, or low pressure meta-
lorganic chemical vapor deposition (MOCVD) which 1s per-

formed at pressures of about 0.1 Torr (13.3 Pa).

As another source material for nitrogen, an organic mate-
rial such as dimethylhydrazine (DMHy) has been reported
for a growth of a GaNAs alloy semiconductor by conven-
tional MOCVD at a reduced pressure of 60 Torr (as
described by N. Ohkouchi and others, Proceedings of 12th
Symposium on Alloy Semiconductor Physics and
Electronics, 1993, pages 337-340)

As aforementioned, nitrogen 1s desorbed from crystal sur-
taces with relative ease during the growth. This causes diifi-
culties 1n obtaining nitrogen-containing I11-V alloy semicon-
ductors with a large concentration of nitrogen. In
conventional growths of the alloy semiconductors, therefore,
previous attention i1s primarily directed to an increase of the
nitrogen content during the crystal growth.

In the above-mentioned method using activated nitrogen
species, a partial pressure of nitrogen during the growth had
to be relatively low to avoid deactivation of the nitrogen
species previously activated. Therefore, for the growth of
nitrogen-containing alloy semiconductor such as GaNAs,
for example, the low partial pressure of nitrogen necessarily
leads to low pressures of another group V element such as
arsenic. This results 1n an undesirable increase in concentra-
tions of arsenic vacancies and makes it difficult to grow
nitrogen-containing I1I-V alloy semiconductor of satisiying,
quality.

For example, 1n order to obtain the nitrogen content of
about 1%, a crystal growth 1s carried out under the condi-
tions such as a reactor pressure of 25 Pa, N, flow rate of 50
sccm, and AsH; flow rate of 10 sccm (as described by M.
Sato, Proceedings of 13th Symposium on Alloy Semicon-
ductor Physics and Electronics, 1994, pages 101-101).
Although the reactor pressure 1s once increased to 300 Pa to
initiate the plasma discharge 1n the reactor, a plasma activa-
tion of nitrogen 1s subsequently carried out at 25 Pa, as indi-
cated above. Under the conditions, a partial pressure of AsH,
of as low as approximately 0.9 Pa results. In addition, other
gaseous materials such as triethylgallium (TEG) as a source
material for group 11l element and H,, as a carrier gas, have to
be additionally supplied into the reactor. As a result, the
partial pressure of AsH, further decreases.

In order to further increase the nitrogen content, it 1s nec-
essary either to reduce the reactor pressure, increasing the
amount of nitrogen source materials, or decreasing the flow
rate of AsH,. The partial pressure of AsH, further decreases.

As exemplified as above, previous growth attempts to
increase the nitrogen content had led to an increase in the
concentration of arsenic(group V element) vacancies, and
this gives rise to, 1n turn, metal (group 111 element)-rich alloy
semiconductors. As a result, these methods are not able to
provide nitrogen-containing alloy semiconductors of excel-
lent quality.
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As another example of the nitrogen source material, the
aforementioned dimethylhydrazine (DMHy) 1s also used for
a growth ol a GaNAs alloy semiconductor by conventional
low pressure MOCVD operated at a pressure of 60 Torr,
resulting 1n the nitrogen content of about 0.5% or less. This
GaNAs growth has been carried out also under conditions of
an increased tlow rate of DMHy and a decreased flow rate of
AsH,. Because of a decreased AsH, partial pressure, a
metal-rich alloy semiconductor 1s obtained similarly to the
above example and even under the condition of an increased
nitrogen flow rate, 1t 1s difficult to increase the nitrogen con-
tent and this method also 1s not be able to provide nitrogen-
contaiming alloy semiconductors of excellent quality.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
methods which overcome the above-noted difficulties.

Another object of the invention 1s to provide methods for
growing I1I-V alloy semiconductors having a high nitrogen
concentration and to provide semiconductor devices com-
prising the alloy semiconductors.

According to an aspect of the present invention, there 1s
provided a method for growing an alloy semiconductor on a
semiconductor substrate, having at least one layer of III-V
alloy semiconductor comprised of a plurality of group V
clements including at least nitrogen and arsenic simulta-
neously. The method comprises a step of growing the alloy
semiconductor by MOCVD, for example, using source
materials such as nitrogen-containing organic compounds

for nitrogen, and AsH, for arsenic, under conditions of a
partial pressure of AsH; 1n a reactor equal to or more than 2
Pa, and a temperature of a semiconductor substrate of more
than or equal to 550° C., whereby providing III-V alloy
semiconductors of a high nitrogen concentration, which has
excellent quality for the use of light emitting devices, of
which wavelength of light emission 1s 1n a range longer than
that from GaAs devices.

According to yet another aspect of the invention, there 1s
provided a method for growing nitrogen-containing III-V
alloy semiconductors, using nitrogen-containing organic
compounds as source materials for nitrogen, such as dimeth-
ylhydrazine (DMHy) and tertiary butyl amine (TBA), which
have improved properties such as low dissociation tempera-
tures and high vapor pressures, thereby leading to growths of
alloy semiconductors of excellent quality for the use of light
emitting devices.

According to another aspect of the invention, there 1s pro-
vided a method for growing nitrogen-containing I11-V alloy
semiconductors on a semiconductor substrate, and control-
ling conductive properties of, and carrier concentrations 1n
the alloy semiconductors by adding appropriate dopants
such as selentum for n-type, and group II element such as
Zinc or magnesium for p-type.

By the use of organic materials which contain nitrogen
and have a relatively low dissociation temperatures, as the
source materials for nitrogen, nitrogen-containing III-V
alloy semiconductors can be grown. The alloy semiconduc-
tors have a high nitrogen content which exceeds the contents
previously achieved by conventional methods, and have
excellent crystalline quality and a high photoluminescence
elficiency, indicative of promising characteristics for light
emitting devices, as well as photodetecting devices.

5

10

15

20

25

30

35

40

45

50

55

60

65

4
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described
hereinbelow with references to the drawings wherein:

FIG. 1 1s a schematic drawing of an MOCVD apparatus
for growing alloy semiconductors 1n accordance with the
present invention;

FIG. 2 shows results of secondary 1on mass spectroscopy
(SIMS) on depth profile of nitrogen 1n GalnNAs layers 1n
accordance with the invention;

FIG. 3 shows room temperature photoluminescence spec-
tra of a plurality of GalnNAs layers 1n accordance with the
imnvention;

FIG. 4 contains a graph which shows a relationship

between the nitrogen content 1n the alloy semiconductor
Ga, g,In, 3N As, _, and growth conditions;

FIG. 5 contains Table 1 which shows a relationship
between photoluminescence intensities and AsH, partial
pressures, ol Ga, o400, 4sINg 00-ASy o5 1ayers 1n accordance
with the invention;

FIG. 6 1s an x-ray diffraction pattern of
Ga, o510, ogN As, _, layers in accordance with the invention,
from which the nitrogen content of 4.6% 1s deduced;

FIG. 7 1s a section view of a light emitting device 1n accor-
dance with a second embodiment of the invention; and

FIG. 8 1s a section view of a light emitting device 1n accor-
dance with a third embodiment of the invention.

DESCRIPTION OF THE ILLUSTRATIV.
EMBODIMENTS

L1l

In the description which follows, specific embodiments of
the mvention particularly useful i1n alloy semiconductor
growths and light emitting device applications are described.
It 1s understood, however, that the invention 1s not limited to
these embodiments. For example, 1t 1s appreciated that the
methods for the alloy semiconductor growth and light emat-
ting device fabrication of the present invention are adaptable
to any form of semiconductor growths and device fabrica-
tions. Other embodiments will be apparent to those skilled in
the art upon reading the following description.

Referring to the drawings, the invention will be described.

FIG. 1 represents a section view ol a reactor ol an
MOCVD apparatus used for growing alloy semiconductors
in accordance with the present invention. Although a hori-
zontal apparatus 1s shown 1n this figure, a vertical apparatus
may also be used.

As 1illustrated i FIG. 1, the reactor comprises a quartz
tube 12 which 1s operable as a reactor, equipped with a water
cooling system around the outer face of the tube, an 1nlet 11
for feeding gaseous components such as source materials
and carrier gas, a substrate 15 placed on a carbon susceptor
14, a heating co1l 13 supplied with high frequency power to
heat the carbon susceptor 14 with the substrate 15, a thermo-
couple 16 to measure temperatures of the carbon susceptor
14 and the substrate 15, and an evacuation system 17 to
evacuate to and/or maintain an appropriate low pressures. By
the use of this apparatus and MOCVD method, growth of
alloy semiconductors are carried out.

In the present invention, there i1s provided a method for
growing layers of alloy semiconductors on a semiconductor
substrate, having at least one layer of I1I-V alloy semicon-
ductors comprised of a plurality of group V elements includ-
ing at least nitrogen and arsenic simultaneously. The method
comprises the step of growing the alloy semiconductors by
MOCVD, using source materials such as nitrogen-



US RE41,310 E

S

containing organic compounds for nitrogen and AsH, for
arsenic, under conditions of a partial pressure of AsH, 1n a
reactor equal to or more than 2 Pa, and a temperature of a
semiconductor substrate of more than or equal to 550° C.

According to another aspect of the present invention,
there 1s provided a method comprising the step of growing,
nitrogen-containing III-V alloy semiconductors by
MOCVD, using source materials such as nitrogen contain-
ing organic compounds under conditions of a partial pres-
sure of AsH, 1n a reactor equal to or more than 10 Pa, and a

temperature of a semiconductor substrate of more than or
equal to 600° C.

Although NH, 1s conventionally used as a source material
for nitrogen, as aforementioned, the dissociation efficiency
of NH; 1s relatively low. At temperatures high enough to
achieve the nitrogen dissociation, nitrogen as well as other
group v element such as arsenic are desorbed from a surface

of the semiconductors with relative ease. Theretfore, low
temperatures are preferred for the growth of layers of
nitrogen-containing alloy semiconductors such as GalnNAs.
Since these low temperatures are not favorable to the use of
NH;, other nitrogen containing compounds of lower disso-
ciation temperatures are preferred as source materials.

Accordingly, 1n the present invention, nitrogen containing
organic compounds are used such as dimethylhydrazine
(DMHy) and tertiary butyl amine (TBA), for example,
which have relatively high vapor pressures, thereby leading
to lower tlow rates of carrier gas such as H, used for bub-
bling and transporting nitrogen source materials. As a result,
a fluctuation in transport rates by, for example, temperature
change of cylinders of nitrogen source materials, can be
reduced and III-V alloy semiconductors can be grown with
excellent quality and reproducibility.

Also by the methods of this mvention, GalnNAs layers
can be grown on a GaAs substrate. By adding indium to
GaAs 1n this layer growth, the lattice constant of the alloy
semiconductor increases with decreasing a bandgap energy.
By adding nitrogen, by contrast, the lattice constant
decreases with decreasing bandgap energy. Accordingly, by
adding appropriate amount of nitrogen to Ga,_In _As, the
lattice constant of resultant alloy semiconductor layers can
be matched to that of GaAs, with a decreased band gap
energy. It becomes easier, therefore, to grow satisfactory
GalnNAs layers which 1s able to have light emissions at
room temperature, of which wavelengths are longer than that
from GaAs (approximately 870 nm at room temperature)

The GalnNAs layers can thus be grown with more ease by
the method of the present invention, these layers are an
improvement over Ga,_ In_As layers which are convention-
ally used for light emitting devices and have a lattice mis-
match. By the use of the present GalnNAs layers, 1t becomes
casier to obtain alloy layers having excellent quality and
being capable of emitting light with wavelengths of 1.1 um
and above, longer than those by the previous layers.

Also 1n the layer formation of the present invention, con-
ductive properties and carrier concentrations of the nitrogen-
contaiming III-V alloy semiconductors layers may be con-
trolled by adding appropriate dopants, selenium for n-type,
and group II element such as zinc or manganese for p-type,
as will be detailed below.

The III-V mixed compound semiconductors grown as
mentioned above can be used for fabricating light emitting
devices such as light emitting diodes and semiconductor
lasers, and photodetecting devices such as photodiodes, hav-
ing excellent device characteristics.

The following examples are provided further to illustrate
preferred embodiments of the invention.
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EXAMPLES

Example 1

Layers of a GalnNAs alloy semiconductor of the present
invention were grown on a GaAs substrate 1 accordance
with steps which follow.

As source materials for group III element, trimethylgal-
lium (TMG), triethylgallium (TEG), trimethylindium
(TMI), or triethylindium (TEI) was used. Also used as
source materials were AsH, for arsenic, and dimethylhydra-
zine (DMHy), monomethylhydrazine (MMHYy), or tertiary
butyl amine (TBA) for nitrogen.

As 1illustrated 1n FIG. 1, gaseous components from these
materials were introduced to a water-cooled quartz reactor
12 through a gas inlet 11. Prior to the introduction of the
gaseous species, the reactor was evacuated to a pressure of
1.3%x10% Pa. A carbon susceptor 14 was heated to an appro-
priate temperatures by a heating coil 13 fed with high fre-
quency power and a GaAs substrate 15 was subsequently
heated by the heat transfer from the susceptor 14. Source
materials were dissociated by heating and resultant gaseous
species from the source materials were transported to the
(GaAs substrate 15 to grow alloy layers by surface reactions
on the substrate.

The feeding rates of each source material were from 4.0x
107° to 4.0x10° mol/min for TMG, from 4.4x10™" to 4.4x
10~° mol/min for TMI, from 6.0x10™> mol/min (0.4 sccm) to
2.2x107° mol/min (46.4 sccm) for AsH,, and from 5.0x10™*
to 3.0x107* mol/min for DMHy. The flow rate of total gas-
cous species from the source matenals together with a car-
rier gas H, was typically 6 1/min. In addition, an AsH, partial
pressure was from 0.9 to 102 Pa at a temperature for the
layer growth ranging from 450° C. to 700° C.

As an example, an alloy semiconductor growth was car-
ried out under conditions such as gas feeding rates of about
2.0x10™> mol/min for TMG, about 2.2x10™° mol/min for
TMI, about 3.3x10™* mol/min (7 sccm) for AsH,, about 6.4x
10~ mol/min for DMHy, and an AsH, partial pressure of
15.4 Pa. In this example, the AsH, partial pressure was
higher than the conventional growth condition.

In addition, a feeding rate of DMHy was one order of
magnitude higher than that of AsH; and a growth tempera-
ture was about 630° C. The resulting speed of the layer

growth was 1.7 um/hour.

FIG. 2 represents results of secondary 1on mass spectros-
copy (SIMS) on the depth profile of nitrogen 1n GalnNAs

layers presently obtained.

From the results, a concentration of nitrogen was deduced
to be about 6.5x10°° atoms/cm”, which corresponds to the
content of 3%. From the above-mentioned SIMS results
together with the lattice constant obtained from x-ray dif-
fraction measurements using Cu K_lines (K_; 0.15405 nm
and K_, 0.1544 nm), the indium content was obtained as
about 6%, thereby resulting 1n a composition
Gag o.lng 0«Ng 03 ASy o» Tor the alloy layers. The presently
obtained lattice constant of GalnNAs layers was smaller

than that of GaAs.

In addition, photoluminescence (PL) spectra from the lay-
ers were observed at room temperature with an argon laser
excitation and a germanium photodiode as a detector and a
peak wavelength of the spectra was obtained at 1.2 um.

Various GalnNAs alloy layers having the indium content
of about 6%, were grown under AsH, partial pressures of
equal to or more than 4.8 Pa. FIG. 3 shows room temperature
photoluminescence spectra from these layers, indicating that
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peak wavelengths of the spectra increase with increasing the
nitrogen content in the layers. For alloy layers having the
nitrogen content of 2.1%, in which the layers are lattice-
matched to GaAs, the peak wavelength was about 1.15 um.

There was also found in the present alloy growths, the
nitrogen content increased with decreasing growth tempera-
ture at a constant gas feeding rate. In addition, 1f both of a
feeding rate of a nitrogen source material and a growth tem-
perature remained constant, the nitrogen content increased
with decreasing an AsH, partial pressure. Furthermore, in
order to obtain the same nitrogen content under a constant
AsH, partial pressure, a feeding rate of the DMHy nitrogen
source material, had to be increased with increasing growth
temperature.

In addition, at such relatively high temperatures as 600°
C. or above, GalnN As, _ layers having a high nitrogen con-
tent was able to grow without becoming rich 1n metal (group

III) species. FIG. 4 represents a relationship between the
nitrogen content and growth conditions, or feasible
Gag g7Ing 13N As, _, layers.

As illustrated i FIG. 4, although maximum nitrogen con-
tent 1n the alloys grown at 600° C. under 2 Pa AsH, partial
pressure was approximately 1%, the nitrogen content of
4.6% was obtained at 10 Pa AsH, partial pressure. Also,
even under a AsH, partial pressure as low as 2 Pa or less, the
desorption of both arsenic and nitrogen was suppressed for
the growth at low temperatures such as, for example,
between about 450° C. and about 550° C. This results 1n a
high nitrogen content.

For the above-mentioned growth at low temperatures,
however, photoluminescence that was observed was consid-
erably weak. Since the light emitting capability of alloy lay-
ers manifest itsell 1n the photoluminescence intensity,
growth temperatures such as 550° C. and above, and there-
fore deduced as preferred temperatures for the growth of
alloy layers for the light emitting devices.

Furthermore, the photoluminescence intensity becomes
approximately unchanged at temperatures of 600° C. and
above. It was also observed that, for the layers grown under
constant conditions of the growth temperature and the com-
position of feeding source maternials with the exception of
changing AsH, partial pressure, the photoluminescence
intensity increased with increasing the AsH, partial
pressure, indicative of excellent quality of alloy layers for
light emitting devices.

FIG. 5 contains a table which illustrates the relationship
between  photoluminescence 1ntensity  of
Gag o.0ng 0sNp 0-ASy o5 layers, growth temperatures, and
AsH, partial pressures. It 1s shown 1n the table that, although
lower temperatures are advantageous for achieving higher
nitrogen contents, photoluminescence intensity decreases at
these low temperatures. The results indicates that too low
temperatures such as above-mentioned are not preferred for
alloy layers to acquire excellent light emitting capabaility.

As above-mentioned, it 1s shown that, under AsH, partial
pressures as low as 2 Pa or less, GalnN As,_, layers are not
grown, which have the mitrogen content of 2% or greater and
exhibit an excellent photoluminescence characteristics. This
1s considered due to an accelerated desorption of arsenic and
resultant metal-rich alloys. In order to obtain satisfactory
growth results under the same conditions, temperatures such
as 550° C. or lower are necessary.

By contrast, at temperatures of lower than 550° C. with a
decreased AsH, flow rate and an increased nitrogen flow
rate, GalnNAs layers having a high nitrogen content tend to
be formed, resulting 1n layers of rather insuificient quality
caused by too low AsH, partial pressures.
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Therefore, under conditions such as a AsH; partial pres-
sure of 2 Pa or greater and at a temperature of 550° C. or
higher, alloy layers can be grown, which have the nitrogen
content ol about 2%, a high photoluminescence intensity
and a high crystallinity.

With a nitrogen concentration of 2%, GalnNAs layers
with the mndium content of about 6% can be lattice-matched
to GaAs substrates. This nitrogen content of 2% 1s satisiac-
tory for fabricating semiconductor lasers for light signal
amplifiers, of wavelengths 1n the range of about 980 nm.

It has also shown that, 1t AsH, partial pressures were
increased to 10 Pa or higher, GalnN As,_, alloy layers were
able to grow, even at high temperatures such as 600° C. or
above, which had the mitrogen content of 4% or greater and a
high photoluminescence intensity. With the nitrogen content
ol 4.6%, GalnNAs layers having the indium content of about
13%, can be lattice-matched to GaAs. This leads to the fea-
sibility of semiconductor lasers, of which wavelength 1s 1.3
um or longer to be used for communication, for example.

Ga, o-In, cINAs layers having a layer thickness of 0.5 pm
were analyzed by x-ray diffraction method. The results of
the x-ray analysis are shown FIG. 6 and indicates that the
layers have a lattice constant smaller than that of GaAs.

In addition, a Nomarski microscope observation of the
layers shows that, since the thickness was less than the criti-
cal thickness, no cross-hatching pattern on the surface
induced by the lattice relaxation was observed and that the
layers were as flat as the surface of GaAs substrate.

As detailed above, by the user of organic matenals as the
source materials for mitrogen, which contain nitrogen and
have a relatively low dissociation temperatures, and also by
carrying out the alloy layer growth under AsH, partial pres-
sures of as high as at least 2 Pa, there are able to grow
nitrogen-containing III-V alloy semiconductors in the
present 1nvention.

The alloy layers have the nitrogen content of equal to or
more than 0.5%, thereby exceeding the nitrogen content pre-
viously achieved by conventional methods which utilize
organic nitrogen containing compounds as source materials.
Moreover, since the growth was carried out at relatively high
temperatures ol 550° C. or higher, alloy layers presently
grown have excellent crystalline quality and a high photolu-
minescence efficiency. In addition, under AsH, partial pres-
sures of 10 Pa or more and at temperatures of 600° C. or
higher, alloy layers can be grown with the nitrogen content
of 4% or greater.

With regard to the lattice-match, GalnlNAs layers do not
have to be completely lattice-matched and may be 1n the
strained-lattice structure as long as the layers are within the
critical thickness. Also 1n the embodiment, although growth
methods of nitrogen-containing III-V alloy semiconductors
have been described primarily on GalnNAs alloy layers,
these methods are not limited to the above examples but also
applicable for semiconductor alloys such as, for example,

GaNAs, AINAs, AlInNAs, AlGaNAs, AlGalnNAs, and
GalnNPAs.

Example 2

A light emitting device was fabricated using GalnNAs
alloy layers for light emitting layers. FIG. 7 represents a
sectional view of the device of the present embodiment.

The light emitting device comprises on an n-type (or n-)
(GaAs substrate 41, an n-Al, ,Ga, (As cladding layer 42, a
GalnNAs active layer 43, a p-Al, .Ga, (As cladding layer

44, and a p-GaAs contact layer 45, each formed by MOCVD
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method from the bottom in the order stated. Additionally
provided for the device were a positive electrode 46 on the
p-GaAs contact electrode 45 and a negative electrode 47 on
the rear side of the n-GaAs substrate 41, whereby constitut-
ing a light emitting device of the broad stripe type construc-
tion.

The GalnNAs active layers were grown so as to be lattice-
matched to GaAs lattice under the same conditions as those
adopted 1n embodiment 1. As atorementioned, the GalnNAs
layers do not have to be completely lattice-matched and may
be 1n the stramned lattice structure as long as the layer 1s
within the critical thickness. Also 1n the present growth, an
AsH, partial pressure was 25 Pa, which was higher than that
for conventional growths. Under the conditions, GalnNAs
active layers were grown with fewer group V vacancies than
those conventionally grown and a higher photoluminescence
eificiency.

In addition, since a bandgap energy for the GalnNAs 1s
small enough compared with that of GaAs, a strong carrier
confinement 1nto the GalnlNAs active layer results, thereby
constituting a light emitting device which has an improved
temperature characteristics and a higher light power output
compared with GalnAsP devices which are conventionally
used 1n the relatively long wavelength range.

Although, an Al, ,Ga, ;As layer was used as a cladding
layer 1n the present embodiment, an Al Ga,_ As (0=x=1)
layer, having different compositions can also be used. Also
in the embodiment, although the structure of the layer was
described as a rather simple double hetero (DH) structure,
other structures such as, for example, a quantum well struc-
ture may also be used. Various device structures other than
the above-mentioned broad-stripe type may also be adopted.
Furthermore, although a GalnNAs layer was described as a
active layer, GalnNAs alloys comprised of either aluminum
or phosphorus may also be used as long as mitrogen and
arsenic are simultaneously included 1n the alloy.

Also 1 this embodiment, the device has better tempera-
ture characteristics than that of GalnPAs which 1s conven-
tionally used for the relatively long wavelength region, and
also has a higher light power output, as aforementioned. As a
result, fabrications of laser devices benign to human eyes,
become feasible, which are used for the telecommunication,
ranging, and free-space communication. These lasers can be
economically operated without auxiliary circuits for auto-
matic power and/or temperature control, for example.

Example 3

Although, there was described 1n embodiment 2, a light
emitting device which was constituted of GalnNAs active
layer and had a double heterostructure, a light emitting
device comprising also a GalnNAs active layer and having
the homo-junction or single heterostructure, may also be
tabricated. FIG. 8 represents a sectional view of a light emut-
ting device having a homo-junction structure of embodiment

3.

The light-emitting device comprises, an n-GalnlNAs layer
72, a p-GalnNAs layer 73, and a p-GaAs contact layer 74,
disposed by MOCVD method on an n-GaAs substrate 71 1n
the order stated. Additionally provided for the device were a
positive electrode 75 on the p-GaAs contact layer 74 and a
negative electrode 76 on the rear side of the n-GaAs sub-
strate 71.

The present GalnNAs layer was grown so as to be lattice-
matched to the GaAs lattice under the same conditions as
those adopted in embodiment 1. Also 1n the present growth,
an AsH, partial pressure was 50 Pa which was higher than
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that for the conventional growth. This resulted 1n a GalnINASs
active layer with fewer group V vacancies than those 1n con-
ventionally grown layers and with a higher photolumines-
cence elliciency.

The control of conductive properties and charge concen-
tration was typically carried out by using dopants such as
selentum for n-type, and zinc for p-type. Referring to FIG. 8,
for example, selentum was used as an n-type dopant for the
n-GalnNAs layer 72, and zinc was used as a p-type dopant
for the p-GalnNAs layer 73. As source materials of these
dopants, hydrogen selenide for selenium, and dimethylzinc
(DMZn) or diethylzinc (DEZn) for zinc were used. Doping,
eificiencies of these dopants were found satisfactory.

It 1s generally known that an GalnNAs active layer for DH
laser 1s undoped and, therefore, control of dopants 1s not
necessary. (An exception may be cited here, for the DH LED
application, an GalnNAs active layer 1s often doped, thereby
necessitating dopant control.) However, for LEDs having a
homo-junction structure such as described 1n this
embodiment, control of, carrier concentrations and a con-
ductive type has to be made, thereby necessitating control of
both n-type and p-type dopants. In the present embodiment,
selentum and zinc were used for the n-type and p-type
dopant, respectively.

It may also be possible to add dopants 1nto a GalnNAs
active layer of a DH laser, such as selentum or zinc, for
example. This results 1n a decrease 1n threshold current for
the light emission, since a carrier concentration in the active
layer increases, a width of a depletion layer decreases, and a
recombinant current decreases.

In addition, a bandgap energy of GalnNAs layers 1s
smaller than that of GaAs, as alorementioned. Because of
the smaller bandgap energy, the resultant emission from the
GalnNAs layers 1s transparent for GaAs substrates and GaAs
contact layers. Therefore, light emitting devices such as
described 1n the above embodiments 1 and 2 may preferably
be used as vertical cavity surface emitting lasers (VCSELs)
and surface emitting LED:s.

In addition to above-mentioned selenium and zinc,
dopants such as beryllium, magnesium, carbon, silicon,
germanium, tin, sulfur, or tellurium may also be used.
However, since silicon, carbon, germanium and tin are
amphoteric, these dopants have the possibility of occupying
either group-III or group-V site to complete the charge com-
pensation. Since neither selenium (group VI) nor zinc (group
IT) 1s amphoteric, the above-mentioned difficulty can be
obviated. Therefore, 1t 1s preferred to use group VI dopants
such as selenium for n-type and group II dopants such as
zinc for p-type, for example.

In addition, a p-n junction can be formed by diffusing
appropriate dopants. Furthermore, although the GalnNAs
layer was described as an active layer, GalnNAs layers com-
prised of both of, or either of aluminum or phosphorus may
also be used as long as nitrogen and arsenic are simulta-
neously mcluded 1n the alloy.

As described above, nitrogen-containing I11-V alloy semi-
conductors can be grown without increasing concentrations
ol arsenic vacancies, thereby leading to the fabrication of
epitaxial waters and light emitting devices with noble
teatures, using the waters. For example, there can be prefer-
ably fabricated light emitting devices with better tempera-
ture characteristics than that of GalnPAs which has conven-
tionally been used 1n the long wavelength region, and also
have a high light power output.

In addition, the uses of the present nitrogen-containing,
II1I-V alloy semiconductors are not limited to the above-
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mentioned light emitting devices, and photodetecting
devices such as, for example, photodiodes of excellent char-
acteristics also may preferably be fabricated.

Additional modifications and variations of the present
invention are possible 1n light of the above teachings. It 1s
therefore to be understood that within the scope of the
appended claims, the imvention may be practiced otherwise
than as specifically described herein.

What 1s claimed as new and described to be secured by
Letters Patent 1f the United States 1s:

1. A method for growing at least one layer of 11I-V alloy
semiconductor on a semiconductor substrate, and including
at least nitrogen and arsenic simultaneously, comprising
forming said alloy semiconductor by a conventional low
pressure MOCVD method, using a nitrogen containing
organic compound as a source material for nitrogen and
AsH, for arsenic, wherein said III-V alloy semiconductor
comprises GalnNAs.

2. The method according to claim 1, wherein said semi-
conductors substrate comprises GaAs.

3. The method according to claim 1, wherein said nitrogen
containing organic compound 1s selected from the group
consisting of dimethylhydrazine and tertiary butyl amine.

4. The method according to claim 1, further comprising,
controlling conductive properties of, and carrier concentra-
tions 1n said alloy semiconductor by adding a dopant,
wherein said dopant 1s selected from the group consisting of
beryllium, magnestum, zinc, carbon, silicon, germanium,
tin, sulfur, tellurium, and selenium.

5. A method for growing at least one layer of 11I-V alloy
semiconductor on a GaAs substrate, and including at least
nitrogen and arsenic simultaneously, comprising forming
said alloy semiconductor by a conventional low pressure
MOCVD method under specified conditions of temperatures
and pressures, using a nitrogen containing organic Com-
pound as a source material for nitrogen and AsH, for
arsenic, wherein said III-V alloy semiconductor comprises
(alnNAs.

6. The method according to claim 5, wherein said speci-
fied conditions are a partial pressure of said AsH, in a reac-
tor of equal to or more than 2 Pa and a temperature of said
semiconductor substrate of equal to or more than 550° C.

7. The method according to claim 5, wherein said speci-
fied conditions are a partial pressure of said AsH, 1n a reac-
tor of equal to or more than 10 Pa and a temperature of said
semiconductor substrate of equal to or more than 600° C.

8. The method according to claim S, wherein said nitrogen
containing organic compound 1s selected from the group
consisting of dimethylhydrazine and tertiary butyl amine.

9. The method according to claim 5, further comprising,
controlling conductive properties of, and carrier concentra-
tions 1 said alloy semiconductor by adding a dopant,
wherein said dopant 1s selected from the group consisting of
beryllium, magnestum, zinc, carbon, silicon, germanium,
tin, sulfur, tellurium, and selenium.

10. A method for growing at least one layer of 111I-V alloy

semiconductor on a GaAs substrate, and including at least
nitrogen and arsenic simultaneously, comprising:

forming said alloy semiconductor by a conventional low
pressure MOCVD method, using a nitrogen containing
organic compound as a source material for nitrogen and
AsH, for arsenic, under conditions such as a partial
pressure of said AsH, 1n a reactor of equal to or more
than 2 Pa and a temperature of said semiconductor sub-
strate of equal to or more than 550° C., wherein said
I11I-V alloy semiconductor comprises GalnNAs.
11. The method according to claim 10, wherein said nitro-
gen containing organic compound 1s selected from the group
consisting of dimethylhydrazine and tertiary butyl amine.
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12. The method according to claim 10, further compris-
ng:

controlling conductive properties of, and carrier concen-

trations 1n said alloy semiconductor by adding a dopant,
wherein said dopant 1s selected from the group consist-
ing of selenium, zinc, and magnesium.

13. A method for growing at least one layer of I1I-V alloy
semiconductor on a GaAs substrate, and including at least
nitrogen and arsenic simultaneously, comprising:

forming said alloy semiconductor by a conventional low

pressure MOCVD method using a nitrogen containing
organic compound as a source material for nitrogen and
AsH, for arsenic, under conditions such as a partial
pressure of said AsH, 1n a reactor of equal to or more
than 10 Pa and a temperature of said semiconductor
substrate of equal to or more than 600° C., wherein said
I11I-V alloy semiconductor comprises GalnNAs.

14. The method according to claim 13, wherein said nitro-
gen containing organic compound as said source matenal for
nitrogen 1s selected from the group consisting of dimethyl-
hydrazine and tertiary butyl amine.

15. The method according to claim 13, further compris-
ng:

controlling conductive properties of, and carrier concen-

trations 1n said alloy semiconductor by adding a dopant,
wherein said dopant 1s selected from the group consist-
ing of beryllium, magnesium, zinc, carbon, silicon,
germanium, tin, sulfur, tellurium, and selenium.

16. A method for fabricating a semiconductor device, hav-
ing at least one layer of a III-V alloy semiconductor on a
(GaAs substrate, comprised of a plurality of group V ele-
ments including at least nitrogen and arsenic simultaneously,
comprising;

forming said alloy semiconductor by a conventional low

pressure MOCVD method, using a nitrogen containing
organic compounds as a source material for nitrogen
and AsH, for arsenic, under conditions such as a partial
pressure of said AsH, 1n a reactor of equal to or more
than 2 Pa and a temperature of said semiconductor sub-
strate of equal to or more than 550° C., wherein said
I11I-V alloy semiconductor comprises GalnNAs.

17. The method according to claim 16, wherein said nitro-
gen contaiming organic compound 1s selected from the group
consisting of dimethylhydrazine and tertiary butyl amine.

18. The method according to claim 16, further compris-
ng:

controlling conductive properties of, and carrier concen-

trations 1n said semiconductors by adding a dopant,
wherein said dopant 1s selected from the group consist-
ing of beryllium, magnesium, zinc, carbon, silicon,
germanium, tin, sulfur, tellurium, and selenium.

19. A method for fabricating a semiconductor device, hav-
ing at least one layer of a III-V alloy semiconductor on a
(GaAs substrate, comprised ol a plurality of group V ele-
ments including at least nitrogen and arsenic simultaneously,
comprising;

forming said alloy semiconductor by a conventional low

pressure MOCVD method using a nitrogen containing
organic compound as a source material for nitrogen and
AsH,; for arsenic, under conditions such as a partial
pressure of said AsH, 1n a reactor of equal to or more
than 10 Pa and a temperature of said semiconductor

substrate of equal to or more than 600° C.,
wherein said IlI-V alloy semiconductor comprises at least

Ga, In, N and As.
20. The method according to claim 19, wherein said nitro-
gen containing organic compound 1s selected from the group
consisting of dimethylhydrazine and tertiary butyl amine.
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21. [The] 4 method [according to claim 19, further] for

fabricating a semiconductor device, having at least one
laver of a III-V alloy semiconductor on a Gads substrate,
comprised of a plurality of group V elements including at
least nitrogen and arsenic simultaneously, comprising:

forming said alloy semiconductor by a conventional low
pressure MOCVD method using a nitrogen containing
organic compound as a source material for nitrogen
and AsH, for arsenic, under conditions such as a par-
tial pressure of said AsH, in a reactor of equal to or
morve than 10 Pa and a temperature of said semiconduc-
tor substrate of equal to or movre than 600° C.; and

controlling conductive properties of, and carrier concen-
trations 1n said alloy semiconductor by adding a dopant,
wherein said dopant 1s selected from the group consist-
ing of beryllium, magnesium, zinc, carbon, silicon,
germanium, tin, sulfur, tellurium, and selenium.

22. A method for growing at least one layer of III-V alloy
semiconductor on a semiconductor substrate, and including
at least nitrogen and arsenic simultaneously, comprising
forming said alloy semiconductor by an MOCVD method at
a pressure of at least that of conventional low pressure
MOCYVD, using a nitrogen containing ovganic compound as
a source material for nitrogen and using a source material
for arsenic, whervein said -V alloy semiconductor com-
prises at least Ga, In, N, and As.

23. The method according to claim 22, wherein said semi-
conductors substrate comprises GaAs.

24. The method according to claim 22, wherein said nitro-
gen containing organic compound is selected from the group
consisting of dimethvihvdrazine and tertiary butyv! amine.

25. The method accovding to claim 22, further comprising
controlling conductive properties of, and carrvier concentra-
tions in said alloy semiconductor by adding a dopant,

wherein said dopant is selected from the group consisting of

bervllium, magnesium, zinc, carbon, silicon, germanium,
tin, sulfur, tellurium, and selenium.

26. A method for growing at least one layver of III-V alloy
semiconductor on a Gads substrate, and including at least
nitrogen and arsenic simultaneously, comprising forming
said alloy semiconductor by an MOCVD method under
specified conditions of temperatures and at a pressure of at
least that of conventional low pressure MOCVD, using a
nitrogen containing ovganic compound as a source material
for nitrogen and using a source material for arsenic,
wherein said [II-V alloy semiconductor comprises at least
Ga, In, N and As.

27. The method according to claim 26, wherein said speci-
fied conditions arve a partial pressure of said source material
for arsenic in a reactor of equal to or more than 2 Pa and a

temperature of said semiconductor substrate of equal to or
move than 550° C.

28. A method for growing at least one layer of III-V alloy
semiconductor on a Gads substrate, and including at least
nitrogen and arsenic simultaneously, comprising forming
said alloy semiconductor by an MOCVD method under
specified conditions of temperatures and at a pressure of at
least that of conventional low pressure MOCVD, using a
nitrogen containing ovganic compound as a source material
for nitrogen and using a source material for arsenic,

wherein said I1I-V alloy semiconductor comprises at least N

and As, wherein said specified conditions are a partial pres-
sure of said source material for arsenic in a reactor of equal
to or movre than 10 Pa and a temperature of said semicon-
ductor substrate of equal to or more than 600° C.

29. The method according to claim 26, wherein said nitro-
gen containing ovganic compound is selected from the group
consisting of dimethyvlhyvdrazine and tertiary butyl amine.
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30. A method for growing at least one layer of III-V alloy
semiconductor on a Gads substrate, and including at least

nitrogen and arsenic simultaneously, comprising forming
said alloy semiconductor by an MOCVD method under

5 specified conditions of temperatures and at a pressure of at
least that of conventional low pressure MOCVD, using a

nitrogen containing organic compound as a source material
for nitrogen and using a source material for arsenic, and
controlling conductive properties of, and carrvier concentra-
tions in said alloy semiconductor by adding a dopant,

wherein said dopant is selected from the group consisting of
beryllium, magnesium, zinc, carbon, silicon, germanium,

tin, sulfur, tellurium, and selenium, whevein said I1I-V alloy
semiconductor comprises at least N and As.

31. A method for growing at least one layer of III-V alloy
semiconductor on a GaAs substrate, and including at least
nitrogen and arsenic simultaneously, comprising: forming
said alloy semiconductor by an MOCVD method at a pres-
sure of at least that of conventional low pressure MOCVD,
using a nitrogen containing ovganic compound as a source
material for nitrogen and using a sourvce material for
arsenic, under conditions such as a partial pressure of said
source material for arsenic in a reactor of equal to or more
than 2 Pa and a temperature of said semiconductor substrate
equal to or more than 500° C., wherein said III-V alloy
semiconductor comprises at least Ga, In, N and As.

32. The method according to claim 31, wherein said nitro-
gen containing organic compound is selected from the group
consisting of dimethylhvdrazine and tertiary butyv! amine.

33. A method for growing at least one layer of III-V alloy
semiconductor on a Gads substrate, and including at least
nitrogen and arsenic simultaneously, comprising:
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forming said alloy semiconductor by an MOCVD method
at a pressure of at least that of conventional low pres-
sure MOCVD, using a nitrogen containing organic
compound as a source material for nitrogen and using
a source material for arsenic, under conditions such as
a partial pressure of said source material for arsenic in
a reactor of equal to or more than 2 Pa and a tempera-
ture of said semiconductor substrate equal to or more

that 500° C.

controlling conductive properties of, and carrier concen-
trations in said alloy semiconductor by adding a
dopant, wherein said dopant is selected from the group
consisting of selenium, zinc, and magnesium,
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wherein said I1I-V alloy semiconductor comprises at least

N and As.
34. A method for growing at least one layer of III-V alloy

semiconductor on a Gads substrate, and including at least
nitrogen and arsenic simultaneously, comprising: forming
said alloy semiconductor by an MOCVD method using a
nitrogen containing organic compound as a sourvce material
for nitrogen and using a source material for arsenic, under
conditions such as a partial pressure of said source material
55 for arsenic in a reactor equal to ov more than 10 Pa and a
temperature of said semiconductor substrate equal to or
movre than 600° C., wherein said III-V alloy semiconductor
comprises at least Ga, In, N and As.
35. The method accovding to claim 34, wherein said nitro-
60 gen containing organic compound as said source material
for nitrogen is selected from the group consisting of dimeth-
vihvdrazine and tertiary butyl amine.
36. A method for growing at least one layer of III-V alloy
semiconductor on a Gads substrate, and including at least
65 nitrogen and arsenic simultaneously, comprising forming
said alloy semiconductor by an MOCVD method using a
nitrogen containing organic compound as a sourvce material

50
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for nitrogen and using a source material for arsenic, under
conditions such as a partial pressure of said source material
for arsenic in a reactor equal to ov move than 10 Pa and a
temperature of said semiconductor substrvate equal to or
morve than 600° C., and controlling conductive properties of,
and carrier concentrations in said alloy semiconductor by
adding a dopant, wherein said dopant is selected from the
group consisting of bervllium, magnesium, zinc, carbon,
silicon, germanium, tin, sulfur, tellurium, and selenium,
wherein said III-V alloy semiconductor comprises at least N

and As.

37. A method for fabricating a semiconductor device, hav-
ing at least one laver of a IlI-V alloy semiconductor on a
(rads substrate, comprised of a plurality of group V elements
including at least nitrogen and arsenic simultaneously, com-
prising: forming said alloy semiconductor by an MOCVD
method at a pressure of at least that of conventional low
pressure MOCVD, using a nitrogen containing organic Com-
pounds as a source material for nitrogen and using a source
material for arsenic, under conditions such as a partial pres-
sure of said source material for arsenic in a reactor equal to
or move than 2 Pa and a temperature of said semiconductor
substrate equal to or move than 500° C., wherein said 1lI-V
alloy semiconductor comprises at least Ga, In, N and As.

38. The method according to claim 37, wherein said nitro-
gen containing organic compound is selected from the group
consisting of dimethvlhvdrazine and tertiary butyl amine.

39. A method for fabricating a semiconductor device, hav-
ing at least one layer of III-V alloy semiconductor on a Gads
substrate, comprised of a plurality of group V elements
including at least nitrogen and arsenic simultaneously, com-
prising:

Jorming said alloy semiconductor by an MOCVD method
at a pressure of at least that of conventional low pres-
sure MOCVD, using a nitrogen containing orgamnic
compounds as a source material for nitrogen and using
a source material for arsenic, under conditions such as
a partial pressure of said source material for arsenic in
a reactor of equal to or more than 2 Pa and a tempera-
ture of said semiconductor substrate equal to or more

that 500° C.; and

controlling conductive properties of, and carrier concen-

trations in said semiconductors by adding a dopant,

wherein said dopant is selected from the group consist-

ing of beryllium, magnesium, zinc, carbon, silicon,

germanium, tin, sulfur, tellurium, and selenium,

wherein said III-V alloy semiconductor comprises at
least N and As.

40. A method for fabricating a semiconductor device, hav-

ing at least one laver of a IlI-V alloy semiconductor on a

(rads substrate, comprised of a plurality of group V elements

16

including at least nitrogen and arsenic simultaneously, com-
prising: forming said alloy semiconductor by an MOCVD
method at a pressure of at least that of conventional low
pressure MOCVD using a nitrogen containing organic com-
5 pound as a source material for nitrogen and using a source
material for arsenic, under conditions such as a partial pres-
sure of said source material for arsenic in a reactor equal to
or movre than 10 Pa and a temperature of said semiconductor
substrate equal to or more than 600° C., wherein said 1lI-V
alloy semiconductor comprises at least Ga, In, N and As.
41. The method accorvding to claim 40, wherein said nitro-
gen containing ovganic compound is selected from the group
consisting of dimethylhydrazine and tertiary butyl amine.
42. A method for fabricating a semiconductor device, hav-
ing at least one layver of IlI-V alloy semiconductor on a GaAs
substrate, comprised of a plurality of group V elements
including at least nitrogen and arsenic simultaneously, com-
prising:
forming said alloy semiconductor by an MOCVD method
at a pressure of at least that of conventional low pres-
sure MOCVD using a nitrogen containing ovganic com-
pounds as a source material for nitrogen and using a
source material for arsenic, under conditions such as a
partial pressure of said source material for arsenic in a
reactor equal to or more than 10 Pa and a temperature
of said semiconductor substrate equal to or more that

600° C.: and

controlling conductive properties of, and carrier concen-
trations in said alloy semiconductor by adding a
dopant, wherein said dopant is selected from the group
consisting of bervllium, magnesium, zinc, carbon,
silicon, germanium, tin, sulfur, tellurium, and selenium.
43. The method according to any one of claims 1, 5, 10,

13,16, 19, 22, 26, 31, 34, 37 and 40 comprising the use of a
horizontal tyvpe MOCVD apparatus to carry out said
MOCVD method.

44. A method for growing at least one layer of III-V alloy
semiconductor on a Gads substrate, and including at least
nitrogen and arsenic simultaneously, comprising forming
said alloy semiconductor by an MOCVD method under
specified conditions of at least one of temperatures and at a
pressure of at least that of conventional low pressure
MOCVD, using a nitrogen containing organic compound as
a source material for nitrogen and using a source material
for arsenic, wherein said IlI-V alloy semiconductor com-
prises at least Ga, In, N and As.

45. A method as in claim 44 wherein the specified condi-
tions comprise conditions of temperatures.

46. A method as in claim 44 whevrein the specified condi-
tions comprise conditions of pressures.
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