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(57) ABSTRACT

A p-AlGaN layer doped with magnesium is provided that
includes an aluminum composition ratio x of 0.2 or more and
less than 0.5 and a carrier concentration of 2.5x10'"/cm? or
more. A Group Il nitride semiconductor light emitting device
including the p-Al, Ga, N layer is also provided.
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FIG 5
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P-ALGAN LAYER AND GROUP III NITRIDE
SEMICONDUCTOR LIGHT EMITTING
DEVICE

INCORPORATION BY REFERENCE

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/512,747 filed on May 30, 2012, which in
turn is a National Phase of International Application No.
PCT/IP2010/072728 filed on Dec. 10, 2010, which claims
priority to Japanese Patent Application No. 2010-275128
filed on Dec. 9, 2010 and Japanese Patent Application No.
2009-280963 filed on Dec. 10, 2009. The disclosures of the
prior applications are hereby incorporated by reference
herein in their entireties.

TECHNICAL FIELD

[0002] The present invention relates to a p-AlGaN layer,
and in particular to a magnesium-doped p-AlGaN layer hav-
ing constant aluminum composition ratio. The present inven-
tion also relates to a method of manufacturing the same, and
a Group I1I nitride semiconductor light emitting device using
the same.

RELATED ART

[0003] In recent years, ultraviolet LEDs using Group III
nitride semiconductor devices are actively researched and
developed since they are expected to be used for back lights of
liquid crystal displays, excitation light sources of white LEDs
for lighting and sterilization, and medical uses, etc.

[0004] In general, the conductivity type of semiconductors
is determined depending on the kind of impurities added. By
way of example, when an AlGaN material is made to have
p-type conductivity, magnesium is typically used as an impu-
rity. On this occasion, the magnesium added serves as accep-
tors, and holes in this Al1GaN material serve as carriers.
[0005] However, when a semiconductor layer is thus
formed by MOCVD (metal organic chemical vapor deposi-
tion) using magnesium as an impurity, a phenomenon called
“doping delay” in which impurities are not sufficiently intro-
duced into the semiconductor layer in growth would occur.
[0006] One of the reasons for this is that magnesium to be
supplied to the semiconductor layer would adhere to inner
walls and the like of a growth system and pipes in an initial
stage of the growth of the semiconductor layer and it would
not be supplied sufficiently to the semiconductor layer
accordingly.

[0007] On the other hand, Patent Document 1 discloses a
technique of preventing doping delay by supplying a magne-
sium-containing gas into a growth system prior to the forma-
tion of the semiconductor layer so that the amount of the
above-described adherence is saturated.

[0008] Beside such doping delay in an initial growth stage
of'a semiconductor layer, doping delay is also known to occur
after the initial growth stage. One of the reasons is for
example as follows. For example, hydrogen atoms generated
when a gas supplied into the semiconductor layer in growth is
partially introduced into crystals are bound to nitrogen atoms
in the crystals by hydrogen-bonding to release electrons.
Meanwhile, holes are released from magnesium atoms which
are p-type impurities disposed at lattice arrangements where
gallium atoms should originally be disposed. The released
electrons and the released holes are combined to electrically
compensate one another, which consequently prevents mag-
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nesium added for achieving p-type conductivity from serving
as acceptors. This leads to decline in the carrier concentration
in the semiconductor layer.

[0009] Further, shorter wavelength ultraviolet LEDs
increase demand for Al Ga, N materials having a high alu-
minum composition ratio and a wide band gap for use in an
active layer. A high aluminum composition ratio X increases
ionization energy of magnesium itself; therefore, it has been
difficult to achieve high carrier concentration.

[0010] Such decline in the carrier concentration increases
resistance, and this causes heat generation or the like, which
makes it impossible to obtain sufficient light output.

PRIOR ART DOCUMENT
Patent Document
[Patent Document 1] JP2007-42886 A
DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0011] An object of the invention is to solve the above
problems and to provide a p-AlGaN layer achieving
improved carrier concentration and light output, a method of
manufacturing the same, and a Group 111 nitride semiconduc-
tor light emitting device using the same.

Means for Solving the Problem

[0012] In order to achieve the above object, the present
invention primarily includes the following components.
[0013] (1) A method of manufacturinga p-AlGaN layer, the
p-AlGaN layer being one p-Al Ga, N layer (0=x<1) doped
with magnesium, which is formed by MOCVD, comprising
the steps of: a first step of supplying a Group V source gas at
aGroup V source gas flow rate B, (0<B,) and supplying a gas
containing magnesium at a Mg-containing gas flow rate C,
(0<C,) while supplying a Group III source gas at a Group III
source gas flow rate A; (0<A,); and a second step of supply-
ing a Group V source gas at a Group V source gas flow rate B,
(0<B,) and supplying a gas containing magnesium at a Mg-
containing gas flow rate C, (0<C,) while supplying a Group
1T source gas at a Group 111 source gas flow rate A, (0<A,),
wherein the first step and the second step are repeated a
plurality of times to form the p-Al Ga, N layer, and the
Group 111 source gas flow rate A is a flow rate which allows
no p-Al Ga, N layer to grow and satisfies A;<0.5A,.
[0014] (2) Amethod of manufacturinga p-AlGaN layer, the
p-AlGaN layer being one p-Al Ga, N layer (023 x<1) doped
with magnesium, which is formed by MOCVD, comprising
the steps of: a first step of supplying a Group V source gas at
a Group V source gas flow rate B, (0<B,) and supplying a gas
containing magnesium at a Mg-containing gas flow rate C,
(0<C,) while supplying a Group III source gas at a Group 111
source gas flow rate A; (0<A,); and a second step of supply-
ing a Group V source gas at a Group V source gas flow rate B,
(0<B,) and supplying a gas containing magnesium at a Mg-
containing gas flow rate C, (0<C,) while supplying a Group
11T source gas at a Group III source gas flow rate A, (0<A,),
wherein the first step and the second step are performed to
form the p-Al Ga, N layer, and the Group I1I source gas flow
rate A is a flow rate which allows only initial growth nuclei of
the p-Al, Ga,_N layer to grow and satisfies A;=<0.5A,.
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[0015] (3) A method of manufacturing a p-AlGaN layer, the
p-AlGaN layer being one p-Al, Ga, N layer (0O=x<1) doped
with magnesium, which is formed by MOCVD, comprising
the steps of: a first step of supplying a Group V source gas at
aGroup V source gas flow rate B, (0<B,) and supplying a gas
containing magnesium at a Mg-containing gas flow rate C,
(0<C,) while supplying a Group III source gas at a Group 111
source gas flow rate A; (0<A,); and a second step of supply-
ing a Group V source gas at a Group V source gas flow rate B,
(0<B,) and supplying a gas containing magnesium at a Mg-
containing gas flow rate C, (0<C,) while supplying a Group
IIT source gas at a Group III source gas flow rate A, (0<A,),
wherein the first step and the second step are repeated a
plurality of times to form the p-Al,Ga, N layer, and the
Group 111 source gas flow rate A; is a flow rate which allows
only initial growth nuclei of the p-Al Ga, N layer to grow
and satisfies A;=<0.5A,.

[0016] (4) The method of manufacturing a p-AlGaN layer
according to any one of (1) to (3) above, wherein the Group V
source gas flow rate B, in the first step is equal to the Group V
source gas flow rate B, in the second step, and/or the Mg-
containing gas flow rate C,; in the first step is equal to the
Mg-containing gas flow rate C, in the second step.

[0017] (5) The method of manufacturing a p-AlGaN layer
according to any one of (1) to (4) above, wherein when a
relationship between a Group 111 source gas flow rate and a
crystal growth rate is evaluated from the crystal growth rate in
the second step, the Group III source gas flow rate in the first
step is a flow rate such that a growth rate of the p-Al,Ga, N
layer corresponding to the flow rate is 0.03 nm/s or less.
[0018] (6) The method of manufacturing a p-AlGaN layer
according to any one of (1) to (5) above, wherein the alumi-
num composition ratio x of the p-Al,Ga, N layer is in the
range of 0 to 0.8.

[0019] (7) A Group Il nitride semiconductor light emitting
device comprising a p-Al,Ga,_,N layer manufactured by the
method of manufacturing a p-AlGaN layer according to any
one of (1) to (6) above.

[0020] (8) Ap-AlGaN layer doped with magnesium, which
has an aluminum composition ratio x of 0.2 or more and less
than 0.3 and a carrier concentration of 5x10'7/cm® or more.
[0021] (9) A p-AlGaN layer doped with magnesium, which
has an aluminum composition ratio x of 0.3 or more and less
than 0.4 and a carrier concentration of 3.5x10'7/ecm? or more.
[0022] (10) A p-AlGaN layer doped with magnesium,
which has an aluminum composition ratio x of 0.4 or more
and less than 0.5 and a carrier concentration of 2.5x10'7/cm?
or more.

[0023] (11) A Group III nitride semiconductor light emit-
ting device comprising the p-Al Ga, N layer according to
any one of (8) to (10) above.

Effect of the Invention

[0024] The present invention can provide a p-AlGaN layer
having a carrier concentration and a light output which are
improved by forming one p-AlGaN layer doped with magne-
sium using MOCVD under conditions where a Group 111
source gas is supplied in a first step at a flow rate of Oor ata
flow rate equal to or less than a flow rate of a Group III source
gas supplied in a second step. The present invention can also
provide a method of manufacturing the same and a Group 111
nitride semiconductor light emitting device.

[0025] Further, the present invention can provide a p-Al-
GaN layer achieving a carrier concentration and a light output
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which are improved by repeating the first step and the second
step a plurality of times, a method of manufacturing the same,
and a Group III nitride semiconductor light emitting device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG.11is aschematic view illustrating an example of
an MOCVD system for manufacturing a p-AlGaN layer in
accordance with the present invention.

[0027] FIG. 2 is a schematic cross-sectional view illustrat-
ing an example of a growth furnace in an MOCVD system for
manufacturing a p-AlGaN layer in accordance with the
present invention.

[0028] FIG. 3 shows XRD diffraction patterns of p-Al, 55
Gag ,-N layers in accordance with a method of the present
invention and a conventional method.

[0029] FIGS. 4(a) and 4(b) show TEM images of p-Al,
23Ga,, ., N layers in accordance with a method of the present
invention and a conventional method, respectively.

[0030] FIGS. 5(a) and 5(b) show differential interference
contrast micrographs of the outermost surfaces of p-Al,
23Ga, ,,N layers in accordance with a method of the present
invention and a conventional method, respectively.

[0031] FIG. 6 is a schematic cross-sectional view illustrat-
ing a Group 11 nitride semiconductor light emitting device in
accordance with the present invention.

[0032] FIG. 7 shows a SIMS profile of a p-Al, ;,Ga, (N
layer in a light emitting device of Example 9.

[0033] FIG. 8 shows a SIMS profile of a p-Al, ;,Ga, (N
layer in a light emitting device of Comparative Example 6.
[0034] FIG. 9 is a graph showing collected carrier concen-
trations calculated from specific resistance values of
p-Al,Ga, N layers in accordance with a method of the
present invention and a conventional method.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0035] Next, embodiments of a method of manufacturing a
p-AlGaN layer in accordance with the present invention will
be described with reference to the drawings. FIG. 1 is a
schematic cross-sectional view illustrating an example of an
MOCVD system for manufacturing a p-AlGaN layer in
accordance with the present invention. This MOCVD system
100 includes a reaction furnace 103 having a first gas supply
port 101 and a second gas supply port 102. The first gas
supply port 101 supplies a carrier gas such as hydrogen gas
104 and/or nitrogen gas 105, a Group 11 source gas such as
TMA (trimethylaluminium) 106 and TMG (trimethylgal-
lium) 107, a magnesium-containing gas 108 as an impurity
source gas, and/or the like to the reaction furnace 103.
[0036] Meanwhile, the second gas supply port 102 supplies
a carrier gas such as hydrogen gas 104 and/or nitrogen gas
105, and a Group V source gas 109 such as ammonia to the
reaction furnace 103.

[0037] With respect to a method of manufacturing a p-Al-
GaN layer in accordance with the present invention, magne-
sium-doped p-Al, Ga, N (0=x<1)having constant aluminum
composition ratio x is formed using such an MOCVD system
100 described above by a first step of supplying a Group V
source gas at a Group V source gas flow rate B, (0<B,) and
supplying a gas containing magnesium at a Mg-containing
gas flow rate C, (0<C,) while supplying a Group III source
gas at a Group [l source gas flow rate A | (0=<A | ); andasecond
step of supplying a Group V source gas at a Group V source
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gas flow rate B, (0<B,) and supplying a gas containing mag-
nesium at a Mg-containing gas flow rate C, (0<C,) while
supplying a Group III source gas at a Group III source gas
flow rate A, (0=A,). The first step and the second step are
repeated a plurality of times to form the p-Al Ga, N layer,
and the Group III source gas flow rate A, is a flow rate which
allows no p-Al Ga,_ N layer to grow and satisfies A, <0.5A,.
Thus, the carrier concentration and light output of the p-Al-
GaN layer can be improved.

[0038] Here, cases where “the Group III source gas flow
rate A is a flow rate which allows no p-AlGaN layer to grow”
mean cases where “the thickness of p-AlGaN is not enough to
form a substantial layer” to include such cases where no
p-AlGaN is grown, or where an initial crystal nucleus of
p-AlGaN (for example, an island-like crystal) is grown but
the thickness is not enough to form a substantial layer. Spe-
cifically, the case include a case where A, is a flow rate which
allows no p-AlGaN to grow (at least the cases where A ;=0
apply to these) and cases where A, is a flow rate which allows
only initial growth nuclei of p-AlGaN to grow (at least the
cases where A, >0 apply to these). Such a Group III source gas
flow rate A, satisfies at least the relation O=A <0.5A,. Fur-
ther, the first step serves to maintain the state where no layer
is grown for an intended period. On this occasion, the Group
V source gas flow rate B, and the Mg-containing gas flow rate
C, are preferably equal to or more than a flow rate which
allows a layer to grow as long as the Group III source gas is
supplied. In other words, B,=B, and C,=C, are preferably
satisfied. This is to prevent nitrogen leakage and supply
enough Mg into the system while the layer growth is inter-
rupted.

[0039] Further, when two kinds of gases, TMA (trimethy-
laluminium) and TMG (trimethylgallium) for example, are
supplied as Group III source gases, the Group III source gas
flow rate A| represents the total flow rate of these gases.
[0040] Note that “the aluminum composition ratio is con-
stant” means that the aluminum composition ratio x of the
layer which is grown in each of the second steps does not
change irrespective of the repeat count of the first step and the
second step. Specifically, this means that the gas flow rate A |
in each repetition is an equal flow rate. However, in measuring
the aluminum quantity by SIMS, in terms of the analysis
principle, the aluminum composition ratio varies in the depth
direction. Further, the aluminum composition ratio may be
fluctuated in the layer or aluminum may be distributed in the
plane, due to the system in epitaxial growth. Such phenomena
can be accepted because they are caused also in conventional
methods. Note that the aluminum composition in the present
invention is a value measured at the substrate center.

[0041] FIG. 3 is an x-ray diffraction (XRD) image of a
p-Al, ,;Ga, 5N layer (supply of the Group III source gas is
modulated: mode of the present invention) manufactured by a
method in accordance with the present invention and a p-Al,,
23Ga,, ., N layer (Group III source gas without supply modu-
lation: conventional mode) manufactured by a conventional
method. Table 1 shows representative values of XRD inten-
sity corresponding to Miller indices [002] and [102] which
provide indications of crystal quality. The former represents
“tilt” with respect to the growth axis direction of an initial
growth nucleus, while the latter represents the degree of
“twist” with respect to the growth in-plane direction. FIGS.
4(a) and 4(b) show transmission electron microscope (TEM)
images of p-Al,,;Ga, ;N layers in accordance with a
method of the present invention and a conventional method,
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respectively. FIGS. 5(a) and 5(b) show electron diffraction
patterns of the outermost surfaces of p-Al, ,5Ga, ,,N layers
in accordance with a method of the present invention and a
conventional method, respectively.

TABLE 1
XRD [002] [102]
Invention mode 195 456
Conventional mode 234 442

[0042] As shown in FIG. 3 and FIGS. 4(a) and 4(b), a
method of the present invention is equivalent to a conven-
tional method in macroscopic XRD spectra, and no periodic
perturbation in crystal growth was observed in the micro-
scopic TEM images and the electron diffraction patterns.
Thus, only one single crystal layer is found to be grown in
either case. Note that while XRD spectra of FIG. 3 have two
peaks caused by components of different axes at approxi-
mately 75° in the conventional mode, these peaks are lost in
the method of the present invention. Further, the representa-
tive value corresponding to Miller index [002] shown in Table
1isreduced. Thus, the present invention is found to contribute
to the improvement in crystallinity. Note that Table 1 shows
that the component “twist” with respect to the growth in-
plane direction of the initial growth nucleus differs little,
while the “tilt” with respect to the growth axis direction is
reduced. This suggests that the components of different axes
are reduced, and the orientation of the initial growth nuclei in
the growth direction is improved.

[0043] A method of manufacturing a p-AlGaN layer in
accordance with the present invention will be described. First,
as shown in FIG. 2, a base substrate 111 is placed on a
susceptor 110 in the reaction furnace 103. Examples of the
base substrate 111 include a GaN substrate, a sapphire sub-
strate, and an AIN template substrate in which an AIN layer is
provided on a sapphire substrate. Alternatively, such a sub-
strate on which a semiconductor layer is stacked may be used.
[0044] Next, in a first step, a carrier gas such as hydrogen
gas 104 and/or nitrogen gas 105 and a Group V source gas 109
such as ammonia are supplied from the second gas supply
port 102 into this reaction furnace 103. Further, a Group III
source gas is supplied from the first gas supply port 101 into
this reaction furnace 103 at a flow rate which does not result
in layer growth or at a flow rate which causes only initial
nucleus growth. Along with these source gases, a magnesium-
containing gas 108 is supplied. The Group V source gas 109
here is supplied to control decline in partial pressure of nitro-
gen in the reaction furnace 103 and to protect the outer most
surface where crystal growth occurs. Note that CP,Mg (bis-
cyclopentadienyl magnesium) or the like can be used as the
magnesium-containing gas 108.

[0045] After a predetermined time, in a second step, a
Group 11 source gas is supplied from the first gas supply port
101 at a flow rate which results in layer growth. Along with
this source gas, a magnesium-containing gas 108 is supplied.
Concurrently, a Group V source gas 109 is supplied from the
second gas supply port 102 at a flow rate which results in layer
growth. Note that the above “predetermined period of time”
for maintaining the first step is preferably about 5 seconds or
more and 60 seconds or less. When the predetermined period
is too short, the effects of the present invention cannot be
obtained sufficiently. Otherwise when the predetermined
time is too long, Mg is introduced excessively, which would
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make Mg cause defects to deteriorate the crystallinity or
reduce carrier concentration in subsequent crystal growth.
[0046] In a method of manufacturing a p-AlGaN layer in
accordance with the present invention, the p-Al Ga, N layer
(0=x<1) doped with magnesium is formed using MOCVD by
a first step of supplying a Group V source gas at a Group V
source gas flow rate B, (0<B,) and supplying a gas containing
magnesium at a Mg-containing gas flow rate C, (0<C,) while
supplying a Group III source gas at a Group III source gas
flow rate A (0<A;); and a second step of supplying a Group
V source gas at a Group V source gas flow rate B, (0<B,)and
supplying a gas containing magnesium at a Mg-containing
gas flow rate C, (0<C,) while supplying a Group III source
gas ata Group Il source gas flow rate A, (0<A,). The first step
and the second step are performed to form the p-Al,Ga, N
layer, and the Group III source gas flow rate A; is a flow rate
which allows only initial growth nuclei of the p-Al Ga; N
layer to grow and satisfies A;<0.5A,. With such a method,
surfaces of the reaction furnace 103 and the pipes and the like
can be previously coated with adequate magnesium. This
makes it possible to suppress reduction in the magnesium
concentration of the AlGaN layer in initial growth, namely,
doping delay. Here, the flow rate which allows only initial
nuclei to grow refers to a flow rate which leads to a state where
for example, island-like initial crystal nuclei are formed but
the thickness is not enough to form a substantial layer. Such a
Group 11 source gas flow rate A, satisfies at least the relation
0<A;=0.5A,. Note that in the present invention, the growth of
only initial growth nuclei can be confirmed by observing the
surface of a substrate of which growth is interrupted after the
first step with the use of a metallurgical microscope or a SEM
to find island-like initial growth nuclei dispersed on the sub-
strate surface.

[0047] Further, when two kinds of gases, TMA (trimethy-
laluminium) and TMG (trimethylgallium) for example, are
supplied as Group III source gases, the Group III source gas
flow rate A represents the total flow rate of these gases.
[0048] The Group V source gas flow rate B, in the first step
is preferably equal to the Group V source gas flow rate B, in
the second step, and/or the Mg-containing gas flow rate C, in
the first step is preferably equal to the Mg-containing gas flow
rate C, in the second step. That is, it is preferable that the flow
rate A, or A, of the Group III source gas in the first step is
different from the flow rate A, of the Group III source gas in
the second step while the Group V source gas flow rate is
constant.

[0049] The adherence of magnesium to the surface of the
AlGaN layer in growth makes predominant the growth in
lateral directions, and reduces the crystal growth rate in the
growth axis direction. This increases the frequency of
regional growth of initial nuclei (three-dimensional); thus,
the effective surface area is increased, and the frequency of
magnesium introduction is improved by suppressing the
migration of atoms. Therefore, forcible introduction of mag-
nesium by the physical adherence, and improvement in the
frequency of magnesium introduction due to the reduction in
the growth rate improve the magnesium concentration of the
AlGaN layer.

[0050] Further, since this effect is temporary, the above first
step and the second step are repeated a plurality of times, so
that the magnesium concentration of the AlGaN layer can be
maintained at a constant high concentration. For example,
even when a p-AlGaN layer having the aluminum composi-
tion ratio of 0.15 or more, which reduces the magnesium

Jun. 19, 2014

concentration due to the increase of the ionization energy of
magnesium itself is formed, a p-AlGaN layer having higher
magnesium concentration than conventional can be manufac-
tured.

[0051] Furthermore, in a method of manufacturing a p-Al-
GaN layer in accordance with the present invention, one
p-AlGaN layer doped with magnesium is formed particularly
using the above-mentioned MOCVD system 100 by previ-
ously performing a step of supplying a Group Il source gas at
a flow rate reduced to a level that allows only initial nuclei to
grow and supplying a Group V source gas and a gas contain-
ing magnesium before the step of supplying a gas containing
magnesium along with the Group III and Group V source
gases at flow rates which allow crystals to grow. Thus, the
magnesium doping level in the p-AlGaN layer can be main-
tained.

[0052] As initial nuclei have portions containing sufficient
Mg, which have been forcibly formed in the initial growth, the
source materials to be supplied later are predominantly dif-
fused in lateral directions and their crystal growth rates in the
growth axis direction are reduced accordingly. In other
words, the diffused molecules are introduced into step ends at
a higher rate, which promotes the formation of a flat layer
(surfactant effect). However, this effect is temporary and ini-
tial growth nuclei causing irregularities begin to form again
after the step flow growth (growth in lateral directions) con-
tinued for a while. This involves increase in the surface area to
suppress in-plane diffusion of Mg itself, and the introduction
frequency of Mg into the layer is improved, which conse-
quently improves the magnesium concentration in the AlGaN
layer.

[0053] Thus, according to the present invention, a step of
supplying the Group III gas at a flow rate reduced to a level
that allows only initial nuclei to grow and supplying the
Group V source gas and the gas containing magnesium is
provided, so that introduction of Mg can be improved and the
crystallinity can be improved by growth in lateral directions.
[0054] The Group I1I source gas flow rate (A, or A;) in the
first step is different from the Group III source gas flow rate
A, in the second step, and the Group I1I source gas flow rate
in the first step is preferably % or less, more preferably % or
less the Group 111 source gas flow rate A, in the second step.
In particular, the relationship between the Group 111 source
gas flow rate and the crystal growth rate is evaluated from the
thickness of a layer grown per unit time in a range where
crystal growth can be observed (namely, crystal growth rate)
(for example, the relationship between a plurality of pairs of
Group I1I source gas flow rates and crystal growth rates in a
flow rate range of 10 sccm to 30 sccm is linearized). When the
Group I1I source gas flow rate (A, or A;) in the first step is
extrapolated from this relationship, the flow rate is preferably
such that the crystal growth rate of the p-Al Ga, N layer that
corresponds to the flow rate (A, or A,) in the first step is 0.03
nm/s or less, more preferably 0.01 nm/s to 0.03 nm/s based on
the computation. Note that the figure of the Group I1I source
gas flow rate in the first step and the second step (the ratio of
Ga and Al) may not necessarily show the multiple proportion
relationship. Specifically, the Al composition of the initial
growth nuclei created in the first step may not necessarily be
the same as the Al composition of the initial growth nuclei
created in the second step. This is for making the initial
growth nuclei created in the first step contain Mg at a maxi-
mum and for improving the crystallinity of a crystal film
formed in the second step, thereby maximizing the effect of
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the present invention. Note that although the Al compositions
are different, the crystal layers obtained in the mode of the
present invention can be deemed to have constant Al compo-
sition because an initial growth nuclei created in the first step
has negligible thickness as compared to the crystal film
formed in the second step. In addition, when the computa-
tional growth rate is 0.01 nm/s to 0.03 nm/s, the Group III
source material is less probable to be present in the substrate
surface; for example, only island-like initial growth nuclei are
created. Thus, the thickness does not increase enough to form
a substantial layer even over a long period of time. Note that
if the Group 111 source gas flow rate in the first step is com-
putationally a flow rate such that the crystal growth rate is less
than 0.01 nm/s, the decomposition of the initial growth nuclei
becomes predominant over its growth. Thus, p-AlGaN is not
grown.

[0055] The flow rate of the Group III source gas which
allows only initial nuclei to grow cannot be specified defi-
nitely because it varies depending on the shape, temperature,
and the Group V source gas flow rate of the MOCVD system.
However, the Group III source gas flow rate (A, or A;) in the
first step is preferably, for example, 1 scem to 10 sccm while
the Group III source gas flow rate A, in the second step is 20
sccm to 50 scem. Further, the Group V source gas flow rates
B, and B, in the first step and the second step may be, for
example, 5 slm to 50 slm (standard liter per minute). Further,
the Mg-containing gas flow rates C, and C, in the first step
and the second step may be, for example, 20 seem to 200
scem.

[0056] Ineither case where no Group III source gas is flown
(A;=0 sccm) or where the Group III source gas is flown to
allow only initial nuclei to grow (A, A;=1 seem to 10 sccm)
in the first step, the magnesium concentration of the AlGaN
layer can be maintained at a high, constant concentration by
repeating the first step and the second step a plurality of times.
However, it is more preferable to allow initial nuclei to grow
because the effect of improving crystallinity can be achieved
more easily.

[0057] A p-AlGaN layer having high magnesium concen-
tration and improved crystallinity can be manufactured by the
above methods of the present invention.

[0058] Further, the aluminum composition ratio of the
p-AlGaN layer may be 0 to 0.8. Note that the aluminum
composition ratio x can be found by measuring the emission
wavelength of photoluminescence and converting the emis-
sion wavelength of photoluminescence using Bowing param-
eters described in Yun F. etal, J. Appl. Phys. 92, 4837 (2002).
[0059] Subsequently, embodiments of a Group III nitride
semiconductor light emitting device of the present invention
will be described with reference to the drawings. A Group III
nitride semiconductor light emitting device 200 in accor-
dance with the present invention may have a structure includ-
ing an AIN template substrate having an AIN strain buffer
layer 202 on a sapphire substrate 201; and a superlattice strain
buffer layer 203, an n-AlGaN layer 204, a light emitting layer
205, a p-AlGaN blocking layer 206, a p-AlGaN guide layer
207, a p-AlGaN cladding layer 208, and a p-GaN contact
layer 209 on the AIN template substrate. These p-AlGaN
layers can be grown by the above methods of manufacturing
a p-AlGaN layer in accordance with the present invention.
[0060] Further, according to the methods of manufacturing
a p-AlGaN layer in accordance with the present invention, a
p-AlGaN layer having a carrier concentration of 5x10'7/cm?
ormore and preferably 1x10'%/cm® or less can be obtained as
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a magnesium-doped p-Al Ga, N layer having a constant
aluminum composition ratio when the aluminum composi-
tion ratio x is 0.2 or more and less than 0.3. Further, when the
aluminum composition ratio X is 0.3 or more and less than 0.4,
a p-AlGaN layer having a carrier concentration of 3.5x10'7/
cm® or more and preferably 5x10'7/cm’or less can be
obtained. Furthermore, when the aluminum composition
ratio X is 0.4 or more and less than 0.5, a p-AlGaN layer
having a carrier concentration of 2.5x10'”/cm® or more and
preferably 3.5x10'7/cm?> or less can be obtained.

[0061] Note that FIGS. 1 to 6 show examples of represen-
tative alternative embodiments, and the present invention is
not limited to these embodiments.

EXAMPLE

Example 1

[0062] In Example 1, after an AIN template substrate hav-
ing a strain buffer layer was placed in a growth furnace shown
in FIG. 1 and FIG. 2 and the temperature was increased to
1050° C. at 10 kPa, a first step and a second step were alter-
nately repeated 120 times. In each of the first steps, while
Group I1I source gases (TMG flow rate: 4 sccm, TMA flow
rate: 5 sccm) were flown, a carrier gas (mixture of N, and H,,
flow rate: 50 slm), a Group V source gas (NH;, flow rate: 15
slm), and a CP,Mg gas (flow rate: 50 sccm) were supplied for
15 seconds (supply time t, ). In each of the subsequent second
steps, only the flow rates of the Group III source gases were
changed to a TMG flow rate of 20 sccm and a TMA flow rate
of25 scem, and the Group 111 source gases, the carrier gas, the
Group V source gas, and the CP,Mg gas were supplied for 60
seconds (supply time t,). Thus, a p-Al, ,,Ga, ,,N layer hav-
ing a thickness of 1080 nm was formed. (Note that the unit
“scecm” of the above flow rates expresses the amount (cm?) of
gas flown per minute at 1 atm (atmospheric pressure: 1013
hPa) at 0° C.) Note that in the first step, initial growth nuclei
were grown, but a layer was not grown. The crystal growth
rate in the second step was 0.15 nm/s. The computational
growth rate corresponding to the Group III source gas flow
rate in the first step was 0.03 nm/s.

Example 2

[0063] In Example 2, a p-Al,,;Ga, N layer having a
thickness of 1080 nm was formed by a similar method to
Example 1 except for that the supply time t, was 30 seconds,
and the repeat count was 240.

Example 3

[0064] In Example 3, a p-Al,,;Ga, N layer having a
thickness of 1080 nm was formed by a similar method to
Example 1 except for that the supply time t, was 45 seconds,
and the repeat count was 180.

Example 4

[0065] In Example 4, a p-Al,,;Ga, ;N layer having a
thickness of 1080 nm was formed by a similar method to
Example 1 except for that the supply time t, was 120 seconds,
and the repeat count was 60.

Example 5

[0066] In Example 5, a p-Al,,;Ga, N layer having a
thickness of 1080 nm was formed by a similar method to
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Example 1 except for that the supply time t, was 7200 sec-
onds, and the repeat count was one.

Reference Example

[0067] InReference Example,ap-Al, ,;Ga, 5N layer hav-
ing a thickness of 1080 nm was formed by a similar method to
Example 5 except for that no Group III source gas was flown
and no initial growth nucleus was grown in the first step.

Comparative Example 1

[0068] In Comparative Example 1, a p-Al, ,;Ga,, ,,N layer
having a thickness of 1080 nm was formed by a similar
method to Example 1 except for that the supply time t, was 0
second, the supply time t, was 7200 seconds, and the repeat
count was one.

[0069] (Evaluation 1)

[0070] After each of the forgoing Examples 1 to 5, Refer-
ence Example, and Comparative Example 1; annealing was
performed at 800° C. for 5 minutes in a nitrogen atmosphere
using a lamp annealing furnace. Then, the in-plane specific
resistance of the p-AlGaN layers was measured using an eddy
current sheet resistance measurement system (MODEL 1318
manufactured by Lehighton Electronics, inc). The results of
evaluating carrier concentrations calculated from the specific
resistances under conditions where the activation depthis 0.5
pum and the mobility is 5 are shown in Table 2.
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ness of 1080 nm was formed. Note that in the first step, initial
growth nuclei were grown, but a layer was not grown. The
crystal growth rate in the second step was 0.15 nm/s. The
computational growth rate corresponding to the Group III
source gas flow rate in the first step was 0.02 nm/s.

Example 7

[0073] In Example 7, after an AIN template substrate hav-
ing a strain buffer layer was placed in a growth furnace shown
in FIG. 1 and FIG. 2 and the temperature was increased to
1050° C. at 10 kPa, a first step and a second step were alter-
nately repeated 120 times. In each of the first steps, while
Group I1I source gases (TMG flow rate: 2 sccm, TMA flow
rate: 5 sccm) were flown, a carrier gas (mixture of N, and H,,
flow rate: 50 slm), a Group V source gas (NH,;, flow rate: 15
slm), and a CP,Mg gas (flow rate: 50 sccm) were supplied for
15 seconds (supply time t, ). In each of the subsequent second
steps, only the flow rates of the Group III source gases were
changed to a TMG flow rate of 20 sccm and a TMA flow rate
of'45 scem, and the Group 111 source gases, the carrier gas, the
Group V source gas, and the CP,Mg gas were supplied for 60
seconds (supply time t,). Thus, a p-Al, ;,Ga, 4,N layer hav-
ing a thickness of 1080 nm was formed. Note that in the first
step, initial growth nuclei were grown, but a layer was not
grown. The crystal growth rate in the second step was 0.15
nm/s. The computational growth rate corresponding to the
Group 11 source gas flow rate in the first step was 0.02 nm/s.

TABLE 2

Supply Supply Thickness Total Carrier concen-
p-AlGaN Al time time Repeat per thickness of  Specific  tration calculated
single film composition t ty countr  repetition single film  resistance from Specific
layer ratio (second)  (second) (number) (nm) layer (nm) (2 xcm) resistance (/cm?)
Example 1 0.23 15 60 120 9 1080 1.7 7.35x 10%7
Example 2 0.23 15 30 240 4.5 1080 2.19 5.70 x 1017
Example 3 0.23 15 45 180 6 1080 2 6.24x 107
Example 4 0.23 15 120 60 18 1080 2.67 4.67 x 10Y7
Example 5 0.23 15 7200 1 1080 1080 2.7 4.63x 10Y7
Reference 0.23 15 7200 1 1080 1080 2.73 458 x 10Y7
Example
Comparative 0.23 0 7200 1 1080 1080 2.75 4.53 x 10Y7
Example 1
[0071] Table 2 shows that the specific resistances in Example 8
Examples 1 to 5 were reduced as compared with Comparative [0074] In Example 8, a p-Al, ,.Ga, s,N layer having a

Example 1, therefore Examples 1 to 5 in accordance with the
present invention have an effect of increasing carrier concen-
tration as compared with Comparative Example 1.

Example 6

[0072] In Example 6, after an AIN template substrate hav-
ing a strain bufter layer was placed in a growth furnace shown
in FIG. 1 and FIG. 2 and the temperature was increased to
1050° C. at 10 kPa, a first step and a second step were alter-
nately repeated 120 times. In each of the first steps, while a
Group III source gas (TMG flow rate: 5 sccm) was flown, a
carrier gas (mixture of N, and H,, flow rate: 50 slm), a Group
V source gas (NHj, flow rate: 15 slm), and a CP,Mg gas (flow
rate: 50 sccm) were supplied for 15 seconds (supply time t, ).
In each of the subsequent second steps, only the flow rate of
the Group III source gas was changed to a TMG flow rate of
20 scem, and the Group III source gas, the carrier gas, the
Group V source gas, and the CP,Mg gas were supplied for 60
seconds (supply time t,). Thus, a p-GaN layer having a thick-

thickness of 1080 nm was formed by a similar method to
Example 7 except for the following: in each of the first steps,
while Group III source gases (TMG flow rate: 2 sccm, TMA
flow rate: 6 sccm) were flown, a carrier gas (mixture of N, and
H,, flow rate: 50 slm), a Group V source gas (NH;, flow rate:
15 slm) and a CP,Mg gas (flow rate: 50 seem) were supplied
for 15 seconds (supply time t,); in each of the subsequent
second steps, only the flow rates of the Group III source gases
were changed to a TMG flow rate 0f 20 sccm and a TMA flow
rate of 65 scem, and the Group 11 source gases, the carrier
gas, the Group V source gas, and the CP,Mg gas were sup-
plied for 60 seconds (supply time t,); and the first step and the
second step were alternately repeated. Note that in the first
step, initial growth nuclei were grown, but a layer was not
grown. The crystal growth rate in the second step was 0.15
nm/s. The computational growth rate corresponding to the
Group 11 source gas flow rate in the first step was 0.02 nm/s.

Comparative Example 2

[0075] In Comparative Example 2, a p-GaN layer having a
thickness of 1080 nm was formed by a similar method to
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Example 6 except for that the supply time t, was O second, the
supply time t, was 7200 seconds, and the repeat count was
one.

Comparative Example 3

[0076] InComparative Example 3, a p-Al, ,;Ga,, ,,N layer
having a thickness of 1080 nm was formed by a similar
method to Example 1 except for that the supply time t, was 0
second, the supply time t, was 7200 seconds, and the repeat
count was one.

Comparative Example 4

[0077] InComparative Example 4, a p-Al, 5,Ga,, N layer
having a thickness of 1080 nm was formed by a similar
method to Example 7 except for that the supply time t, was 0
second, the supply time t, was 7200 seconds, and the repeat
count was one.

Comparative Example 5

[0078] InComparative Example 5, a p-Al, ,,Ga, 5, N layer
having a thickness of 1080 nm was formed by a similar
method to Example 8 except for that the supply time t, was 0
second, the supply time t, was 7200 seconds, and the repeat
count was one.

Example 9

[0079] Asshown in FIG. 6, a superlattice strain buffer layer
(AIN/GaN, thickness: 600 nm), an n-Al, ,;Ga, ,,N layer
(thickness: 1300 nm), a light emitting layer (AlInGaN, thick-
ness: 150 nm), a p-Al, 55Ga, ¢, N blocking layer (thickness:
20 nm), a p-Al,,;Ga, ,,N cladding layer (thickness: 180
nm), and a p-GaN contact layer (thickness: 20 nm) were
grown on an AIN template substrate having an AIN strain
buffer layer on a sapphire substrate by MOCVD process to
produce a Group III nitride semiconductor light emitting
device.

[0080] Here, the p-Alj;sGage,N blocking layer was
formed by a similar method to Example 7 except for that the
supply time t; was 15 seconds, the supply time t, was 45
seconds, and the repeat count was three.
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Example 10

[0081] In Example 10, as shown in FIG. 6, a superlattice
strain buffer layer (AIN/GaN, thickness: 600 nm), an n-Al,,
23Ga, ,,N layer (thickness: 1300 nm), a light emitting layer
(AllnGaN, thickness: 150 nm), a p-Al, 4;Ga, 5,N blocking
layer (thickness: 20 nm), a p-Al; ,;Ga, ,,N cladding layer
(thickness: 180 nm), and a p-GaN contact layer (thickness: 20
nm) were grown on an AIN template substrate having an AIN
strain buffer layer on a sapphire substrate by MOCVD pro-
cess to produce a Group III nitride semiconductor light emit-
ting device.

[0082] Here, the p-Al;.;Ga,s,N blocking layer was
formed by a similar method to Example 8 except for that the
supply time t, was 10 seconds, the supply time t, was 45
seconds, and the repeat count was three.

Comparative Example 6

[0083] InComparative Example 6, a Group Il nitride semi-
conductor light emitting device having a p-Al, ;,Ga, 4N
blocking layer was produced by a similar method to Example
9 except for that the supply time t; was 0 second, the supply
time t, was 135 seconds, and the repeat count was one.

Comparative Example 7

[0084] InComparative Example 7, a Group Il nitride semi-
conductor light emitting device having a p-Al, ,;Ga, 5, N
blocking layer was produced by a similar method to Example
10 except for that the supply time t, was 0 second, the supply
time t, was 135 seconds, and the repeat count was one.
[0085] (Evaluation 2)

[0086] The results of measuring the magnesium concentra-
tion of the p-AlGaN blocking layers in the light emitting
devices of Example 9 and Comparative Example 6 using a
SIMS (secondary ion mass spectrometer) are shown in FIG.7
and FIG. 8, respectively.

[0087] Further, as in Evaluation 1, the carrier concentra-
tions were calculated from the specific resistance of the p-Al-
GaN single film layers. The results are shown in Table 3 and
FIG. 9.

TABLE 3

Supply Supply Thickness Total Carrier concen-
p-AlGaN Al time time Repeat per thickness of  Specific  tration calculated
single film composition t ty countr  repetition single film  resistance from Specific
layer ratio (second)  (second) (number) (nm) layer (nm) (@ x cm)  resistance (/em?)
Example 6 0 15 60 120 9 1080 0.113 1.10 x 10"°
Example 1 0.23 15 60 120 9 1080 1.7 7.35% 107
Example 7 0.36 15 60 120 9 1080 2.76 4.52x 10"
Example 8 0.43 15 60 120 9 1080 447 2.79 x 1017
Comparative 0 0 7200 1 1080 1080 0.146 8.57 x 10'8
Example 2
Comparative 0.23 0 7200 1 1080 1080 2.75 4.53 x 10Y7
Example 3
Comparative 0.36 0 7200 1 1080 1080 3.62 3.45 x 1017
Example 4
Comparative 0.43 0 7200 1 1080 1080 542 2.30 x 107

Example 5
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[0088] Table 3 shows that the magnesium concentrations in
Examples 6, 1, 7, and 8 in accordance with the present inven-
tion are higher than those of Comparative Examples 2, 3, 4,
and 5 involving the same Al compositions, respectively. This
also leads to increase in the effective carrier concentration,
which consequently reduces the specific resistance.

[0089] (Evaluation 3)

[0090] Further, the emission EL outputs of back side of the
light emitting devices of the above Examples 9, 10, and Com-
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[0103] 109: Ammonia

[0104] 110: Susceptor

[0105] 111: Base substrate

[0106] 112: AlGaN layer

[0107] 200: Group III nitride semiconductor light emitting
device

[0108] 201: Base substrate

[0109] 202: AIN strain buffer layer

[0110] 203: Superlattice strain buffer layer

parative Examples 6 and 7 were measured using a multichan- [0111] 204: N-nitride semiconductor layer

nel spectrometer (Cl0082CAH  manufactured by [0112] 205: Light emitting layer

Hamamatsu Photonics K.K.). The results are shown in Table [0113] 206: P-AlGaN blocking layer

4. [0114] 207: P-AlGaN guide layer
TABLE 4

p-AlGaN Supply Supply Thickness Total

blocking layer Al time time Repeat per thickness of EL

in Light composition ty ty countr  repetition single film  output

emitting device ratio (second)  (second) (number) (nm) layer (nm) (LW)

Example 9 0.36 15 45 3 6.67 20 33.1

Example 10 0.43 10 45 3 6.67 20 25

Comparative 0.36 0 135 1 20 20 15.5

Example 6

Comparative 0.43 0 135 1 20 20 6.9

Example 7

[0091] Table 4 shows that the EL output of Example 9 in [0115] 208: P-AlGaN cladding layer

accordance with the present invention is significantly [0116] 209: P-GaN contact layer

improved as compared with Comparative Example 6. Further,
the effect of improved output can also be confirmed in
Example 10 involving a higher Al composition ratio as com-
pared with Comparative Example 7. These results are con-
sidered due to the improvement in energization accompany-
ing the increase in the carrier concentration as apparent from
Table 4.

INDUSTRIAL APPLICABILITY

[0092] According to the present invention, a p-AlGaN layer
having a carrier concentration and a light output which are
improved by forming one p-AlGaN layer doped with magne-
sium using MOCVD under conditions where a Group 111
source gas is supplied in a first step at a flow rate of Oor ata
flow rate equal to or less than a flow rate of a Group III source
gas supplied in a second step can be provided. The present
invention can also provide a method of manufacturing the
same and a Group III nitride semiconductor light emitting
device.

[0093] Further, the present invention can provide a p-Al-
GaN layer achieving a carrier concentration and a light output
which are improved by repeating the first step and the second
step a plurality of times, a method of manufacturing the same,
and a Group III nitride semiconductor light emitting device.

EXPLANATION OF REFERENCE NUMERALS

[0094] 100: MOCVD system
[0095] 101: First gas supply port
[0096] 102: Second gas supply port
[0097] 103: Growth furnace

[0098] 104: Hydrogen gas

[0099] 105: Nitrogen gas

[0100] 106: TMA

[0101] 107: TMG

[0102] 108: CP,Mg

What is claimed is:

1. A p-AlGaN layer doped with magnesium, the p-AlGaN
layer having an aluminum composition ratio x of 0.2 or more
and less than 0.5 and a carrier concentration of 2.5x10"”/cm?
or more.

2. The p-AlGaN layer doped with magnesium according to
claim 1, which is manufactured by a process comprising the
steps of:

a first step of supplying a Group V source gas at a Group V
source gas flow rate B, (0<B,) and supplying a gas
containing magnesium at a Mg-containing gas flow rate
C, (0<C,) while supplying a Group III source gas at a
Group 111 source gas flow rate A; (0<A;); and

a second step of supplying a Group V source gas at a Group
V source gas flow rate B, (0<B,) and supplying a gas
containing magnesium at a Mg-containing gas flow rate
C, (0<C,) while supplying a Group III source gas at a
Group 111 source gas flow rate A, (0<A,),

wherein the first step and the second step are performed to
form the p-Al Ga, N layer, and

the Group III source gas flow rate A; is a flow rate which
allows only initial growth nuclei of the p-Al Ga, N
layer to grow and satisfies A;=<0.5A,.

3. The p-AlGaN layer doped with magnesium according to
claim 2, wherein the first step and the second step are repeated
a plurality of times to form the p-Al, Ga, N layer.

4. The p-AlGaN layer doped with magnesium according to
claim 1, wherein the aluminum composition ratio X is 0.2 or
more and less than 0.3 and the carrier concentration is 5x10'7/
cm?® or more.

5. The p-AlGaN layer doped with magnesium according to
claim 1, wherein the aluminum composition ratio X is 0.3 or
more and less than 0.4 and the carrier concentration is 3.5x
10"7/em® or more.
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6. The p-AlGaN layer doped with magnesium according to
claim 1, wherein the aluminum composition ratio x is 0.4 or
more and less than 0.5 and the carrier concentration is 2.5x
10*7/cm? or more.

7. A Group III nitride semiconductor light emitting device
comprising the p-Al Ga, N layer according to claim 1.

8. A Group III nitride semiconductor light emitting device
comprising the p-Al,Ga, N layer according to claim 4.

9. A Group III nitride semiconductor light emitting device
comprising the p-Al,Ga, N layer according to claim 5.

10. A Group 1 nitride semiconductor light emitting device
comprising the p-Al,Ga, N layer according to claim 6.

#* #* #* #* #*
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