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Description
Technical Field

[0001] The present invention relates to a semiconductor device, and particularly, to a group 13 nitride composite
substrate allowing for the production of semiconductor devices suitable for high-frequency applications.

Background Art

[0002] Nitride semiconductors, which have high breakdown electric field and high saturation electron velocity, have
been attracting attention as the next-generation semiconductor materials for high-frequency/high-power devices. In
particular, a multi-layer structure, which is formed by laminating a layer composed of AlGaN and a layer composed of
GaN, produces a high-concentration two-dimensional electron gas (2DEG) at a lamination interface (hetero interface)
owing to large polarization effects (spontaneous polarization effect and piezo polarization effect) inherent in nitride
materials, and thus, high electron mobility transistors (HEMTSs) including such a multi-layer structure as a substrate have
been vigorously developed (for example, see Non-Patent Document 1).

[0003] HEMTSs, which are operated under the conditions of high power and high frequency (100 W or more, 2 GHz or
more) such as ones for mobile phone base stations, are desirably produced using materials having heat resistant as
low as possible to limit a temperature rise of a device due to heating. Contrastingly, HEMTs, which perform a high-
frequency operation, are desirably produced using highly insulating materials because they need to reduce parasitic
capacitance as much as possible. In the production of a device that satisfies the above-mentioned requirements using
a nitride semiconductor, a semi-insulating SiC substrate having a resistivity as high as 1xX108 Qcm or more is used as
a base substrate because such a substrate allows for the deposition of a good nitride film.

[0004] Itis proposed to deposit an insulating AIN film on a conductive SiC substrate by the method such as the hydride
vapor phase epitaxy method (HVPE method) or the MOCVD method and use it as a base substrate (for example, see
Non-Patent Document 2).

[0005] In the technique disclosed in Non-Patent Document 2, however, since the crystal quality of a nitride epitaxial
film formed on the base substrate depends on the quality of the AIN film formed by the HVPE method, the quality of the
AIN film is required to be improved for improved quality of the nitride epitaxial film. Unfortunately, it is difficult to control
the deposition of the AIN film by the HVPE method in such a way that the crystal quality (such as dislocation density)
becomes uniform over the entire wafer in the deposition, leading to inplane variations in characteristics of an epitaxial
film, further, of a device.

[0006] The approach capable of achieving effects similar to those in the case of using a semi-insulating SiC substrate
with the use of a base substrate including a vanadium-doped semi-insulating SiC film formed on a conductive SiC
substrate has been known (for example, see Patent Document 1).

[0007] In recent years, gallium nitride (GaN) substrates expected to have improved performance and reliability have
been in practical use as the base substrate for HEMT device. The approach of manufacturing a GaN substrate by the
gas phase process or liquid phase process has been known (for example, see Patent Documents 2 and 3).

[0008] As described above, in use of a nitride semiconductor for high-frequency application, it is desirable that the
substrate be free from parasitic capacitance. Thus, a semi-insulating GaN substrate is desirably used even in the use
of a GaN substrate, but now, a semi-insulating GaN substrate is expensive and is hard to obtain. In contrast, a conductive
gallium nitride substrate is relatively inexpensive and is easy to obtain because conductive gallium nitride substrates
are in mass production for vertical LDs.

[0009] An approach of forming a carbon (C) doped GaN layer on a conductive GaN substrate to obtain a GaN substrate
that can be used for high-frequency applications, in which the above-mentioned problem is taken into consideration,
has been known (for example, see Patent Document 4). In the technique disclosed in Patent Document 4, however, the
C-concentration of an electron transit layer becomes higher, which makes it difficult to improve device performance.
[0010] There is a known technique of doping zinc (Zn) to obtain a high-resistance nitride single crystal (for example,
see Patent Document 5).

Prior Art Documents
Patent Documents
[0011]

Patent Document 1: Japanese Patent Application Laid-Open No. 2010-062168
Patent Document 2: Japanese Patent No. 3631724
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Patent Document 3: International Publication No. 2010/084675
Patent Document 4: Japanese Patent Application Laid-Open No. 2012-199398
Patent Document 5: Japanese Patent No. 5039813

Non-Patent Documents
[0012]

Non-Patent Document 1: "Highly Reliable 250 W GaN High Electron Mobility Transistor Power Amplifier", T. Kikkawa,
Japanese Journal of Applied Physics, Vol. 44, No. 7A, 2005, pp.4896-4901.

Non-Patent Document 2: "A 100-W High-Gain AIGaN/GaN HEMT Power Amplifier on a Conductive N-SiC Substrate
for Wireless Bass Station Applications", M. Kanamura, T. Kikkawa, and K. Joshin, Tech. Dig. of 2004 |IEEE Inter-
national Electron Device Meeting (IEDM2008), pp.799-802.

Summary of Invention

[0013] The present invention has been made in view of the above-mentioned problem, and has an object to provide
a group 13 nitride composite substrate allowing for the production of a semiconductor device suitable for high-frequency
application while including a conductive GaN substrate, and a semiconductor device produced using the group 13 nitride
composite substrate.

[0014] To solve the above-mentioned problem, in a first aspect of the present invention, a group 13 nitride composite
substrate includes: a base material of an n-conductivity type formed of GaN; a base layer located on the base material,
the base layer being a group 13 nitride layer having a resistivity of 1108 Qcm or more; a channel layer located on the
base layer, the channel layer being a GaN layer having a total impurity concentration of 1x1017/cm3 or less; and a
barrier layer located on the channel layer, the barrier layer being formed of a group 13 nitride having a composition
AlyIn,Gaq, N (0<x<1, O<y<1).

[0015] In a second aspect of the present invention, in the group 13 nitride composite substrate according to the first
aspect, the base layer is a Zn-doped GaN layer being a GaN layer containing Zn doped at a density of 1x1018/cm3 or
more and 2x1019/cm3 or less.

[0016] In a third aspect of the present invention, in the group 13 nitride composite substrate according to the first
aspect, the base layer is a C-containing GaN layer being a GaN layer containing C at a density of 8 X1016/cm3 or more
and 3x10'8/cm3 or less.

[0017] In a fourth aspect of the present invention, in the group 13 nitride composite substrate according to the first
aspect, the base layer is an AlGaN layer formed of Al;Ga_,N (0.1<p<0.98).

[0018] In a fifth aspect of the present invention, a semiconductor device includes the group 13 nitride composite
substrate according to any one of the first to fourth aspects, a source electrode and a drain electrode that are located
on the barrier layer of the group 13 nitride composite substrate and have ohmic contact with the barrier layer, and a gate
electrode located on the barrier layer of the group 13 nitride composite substrate and has Schottky contact with the
barrier layer.

[0019] In a sixth aspect of the present invention, a method for manufacturing a group 13 nitride composite substrate
includes: a base layer forming step of forming, on a base material of an n-conductivity type formed of GaN, a base layer
being a group 13 nitride layer having a resistivity of 1x106 Qcm or more; a channel layer forming step of forming, on
the base layer, a channel layer being a GaN layer having a total impurity concentration of 1x1017/cm3 or less; and a
barrier layer forming step of forming, on the channel layer, a barrier layer formed of a group 13 nitride having a composition
AlyIn,Gaq, N (0<x<1, O<y<1).

[0020] In a seventh aspect of the present invention, in the method for manufacturing a group 13 nitride composite
substrate according to the sixth aspect, the base layer forming step is a Zn-doped GaN layer forming step of forming,
as the base layer, a GaN layer containing Zn doped at a density of 1x1018/cm3 or more and 2x1019/cm3 or less.
[0021] In an eighth aspect of the present invention, in the method for manufacturing a group 13 nitride composite
substrate according to the sixth aspect, the base layer forming step is a C-containing GaN layer forming step of forming,
as the base layer, a GaN layer containing C at a density of 8 1018/cm3 or more and 3x1018/cm3 or less.

[0022] Inaninth aspectofthe presentinvention, in the method for manufacturing a group 13 nitride composite substrate
according to the sixth aspect, the base layer forming step is an AlGaN layer forming step of forming, as the base layer,
an AlGaN layer of AIpGa1_pN (0.1<p<0.98).

[0023] According to the first to ninth aspects, a group 13 nitride composite substrate allowing for the production of a
semiconductor device suitable for high-frequency applications while including a conductive GaN substrate as a base
material, and further, the semiconductor device can be obtained. The semiconductor device has high mobility while the
capacitance between gate and source electrodes thereof is reduced.
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[0024] In particular, according to the second to fourth and seventh to ninth aspects, a group 13 nitride composite
substrate allowing for the production of a semiconductor device suitable for high-frequency applications while including
a conductive GaN substrate as a base material, and further, the semiconductor device can be obtained. The semicon-
ductor device has a mobility as high as 1000 cm2/V-s or more while the capacitance between gate and source electrodes
thereof is reduced to less than 0.1 pF.

Brief Description of Drawing

[0025] FIG. 1 schematically illustrates the cross-sectional structure of a HEMT device 20 including a group 13 nitride
composite substrate 10.

Embodiment for Carrying Out the Invention

[0026] The group numbers of the periodic table in this specification are according to the explanation of group numbers
1 to 18 in the nomenclature of inorganic chemistry revised in 1989 by the international union of pure applied chemistry
(IUPAC). Group 13 refers to, for example, aluminum (Al), gallium (Ga), and indium (In), and group 15 refers to, for
example, nitrogen (N), phosphorous (P), arsenic (As), and antimony (Sb).

<Configurations of composite substrate and HEMT device>

[0027] FIG. 1 schematically illustrates the cross-sectional structure of a HEMT device 20 as an embodiment of a
semiconductor device according to the present invention, which includes a group 13 nitride composite substrate 10 as
an embodiment of a group 13 nitride (group Il nitride) composite substrate according to the present invention.

[0028] The group 13 nitride composite substrate 10 includes a base material (seed substrate) 1, a base layer (high-
resistance layer) 2 (2A, 2B, or 2C), a channel layer (low-impurity layer) 3, and a barrier layer 4. The HEMT device 20
includes a source electrode 5, a drain electrode 6, and a gate electrode 7 disposed on the group 13 nitride composite
substrate 10 (on the barrier layer 4). The ratios of the respective layers in FIG. 1 do not reflect the actual ones. The
configuration of the group 13 nitride composite substrate 10, in which the barrier layer 4 is disposed on the channel layer
3, may be referred to as a HEMT structure below.

[0029] The base material 1 is a GaN substrate that has a resistivity of 1 Qcm or less, has an n-conductivity type, and
has a (0001) plane orientation. Although the thickness of the base material 1 is not particularly limited, it is preferably
about several hundreds of um to several mm in consideration of, for example, ease of handling. Bulk GaN produced
by, for example, a known technique such as the HVPE method may be used as the base material 1.

[0030] The base layer 2 is a high-resistance (semi-insulating) group 13 nitride layer having a resistivity of 1x106 Qcm
or more. The base layer 2 is preferably provided with a thickness of 8 um or more, and more preferably, with a thickness
of 10 wm or more and 200 pm or less.

[0031] The base layer 2 is preferably any one of a Zn-doped GaN layer 2A, a C-containing GaN layer 2B, and an
AlGaN layer 2C. Each of the layers will be described in detail below.

[0032] The channel layer 3 is a GaN layer having a total impurity concentration of 1x 1017/cm3 or less, which is formed
by the MOCVD method. The channel layer 3 has an impurity concentration smaller than, at least, that of the base layer 2.
[0033] Typical impurity in the channel layer 3 are C. Thus, the channel layer 3, which has a C-concentration of less
than 1x1017/cm3, can be virtually regarded to have a total impurity concentration of 1xX1017/cm3 or less. The channel
layer 3 is preferably provided with a thickness of 0.05 wm or more and 5 pm or less.

[0034] The barrier layer 4 is a group 13 nitride layer having a composition Al,In,Ga;, N (0<x<1, O<y<1), which is
formed by the MOCVD method. The barrier layer 4 is preferably formed to have a thickness of 5 to 30 nm.

[0035] The source electrode 5 and the drain electrode 6 are metal electrodes each having a thickness of about ten
and several nm to a hundred and several tens of nm. The source electrode 5 and the drain electrode 6 have ohmic
contact with the barrier layer 4.

[0036] The source electrode 5 and the drain electrode 6 are preferably formed as multilayer electrodes of, for example,
Ti/Al/Ni/Au. In such a case, the Ti film, Al film, Ni film, and Au film preferably have thicknesses of about 10 to 50 nm, 50
to 200 nm, 10 to 50 nm, and 500 to 1000 nm, respectively.

[0037] The gate electrode 7 is a metal electrode having a thickness of about ten and several nm to a hundred and
several tens of nm. The gate electrode 7 has Schottky contact with the barrier layer 4.

[0038] The gate electrode 7 is preferably formed as a multilayer electrode of, for example, Pd/Au. In such a case, the
Pd film and the Au film preferably have thicknesses of about 5 to 50 nm and 50 to 500 nm, respectively.

[0039] Providing the above-mentioned configuration, specifically, providing the base layer 2 being a high-resistance
layer on the base material 1 being a conductive GaN substrate and then sequentially providing the channel layer 3 being
a low-impurity layer and the barrier layer 4 thereon, allows the HEMT device 20 according to this embodiment to have
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a mobility as high as 1000 cm2/V-s or more while the capacitance between the gate and source electrodes is reduced
to less than 0.1 pF. These characteristic values are preferable ones so that the HEMT device 20 can be used for high-
frequency applications. In particular, since the capacitance between the gate and source electrodes becomes parasitic
capacitance and degrades high-frequency characteristics, the capacitance preferably has a small value when the HEMT
device 20 is used for high-frequency applications.

[0040] The HEMT device 20 according to this embodiment can be preferably used for high-frequency applications
while it includes a conductive GaN substrate as the base material 1. The group 13 nitride composite substrate 10
according to this embodiment allows for the production of a HEMT device to be preferably used for high-frequency
applications while it includes a conductive GaN substrate as the base material 1.

<Detailed configuration of base layer>

[0041] As described above, the base layer 2 is preferably any one of the Zn-doped GaN layer 2A, C-containing GaN
layer 2B, and AlGaN layer 2C. Each of these layers will now be described in detail.

[0042] The Zn-doped GaN layer 2Ais a GaN layer formed by doping Zn (zinc) by the flux method (sodium flux method).
The Zn-doped GaN layer 2A preferably has a Zn concentration of 1xX1018/cm3 or more and 2x101%cm3 or less. In such
a case, resistivity is 1X107 Qcm or more, mobility is 1150 cm2/V-s or more, and the capacitance between the gate and
source electrodes falls below 0.1 pF.

[0043] The Zn-doped GaN layer 2A, whose Zn concentration is set to be less than 1x1018/cm3, has higher mobility
but undesirably has a capacitance exceeding 0.1 pF between the gate and source electrodes. The Zn concentration set
to be more than 2x10'9/cm3 undesirably leads to a small mobility. It is conceivable that mobility will decrease when the
Zn concentration exceeds 2x101%/cm3 because the crystallinity of the Zn-doped GaN layer 2A decreases and the
crystallinity of the channel layer 3 accordingly decreases as well.

[0044] The C-containing GaN layer 2B is a GaN layer formed to intentionally contain C (carbon) as impurities by the
metal organic chemical vapor phase deposition method (MOCVD method). The C-containing GaN layer 2B preferably
has a C concentration of 8xX1016/cm3 or more and 3x1018/cm3 or less. In such a case, resistivity is 3x 108 Qcm or more,
mobility is 1250 cm2/V-s or more, and the capacitance between the gate and source electrodes falls below 0.1 pF.
[0045] The C-containing GaN layer 2B, whose C concentration is set to be less than 8 x1016/cm3, has higher mobility
but undesirably has a capacitance exceeding 0.1 pF between the gate and source electrodes. The C concentration set
to be more than 3x1018/cm3 undesirably leads to a small mobility. It is conceivable that mobility will decrease when the
C-concentration exceeds 3x10'8/cm?3 because the crystallinity of the C-containing GaN layer 2B decreases and the
crystallinity of the channel layer 3 accordingly decreases as well.

[0046] The AlGaN layer 2C is a layer formed of Al,Gay_ N by the MOCVD method. It is preferable that 0.1<p<0.98.
In such a case, resistivity is 2108 Qcm or more, mobility is 1050 cm2/V-s or more, and the capacitance between the
gate and source electrodes falls below 0.1 pF.

[0047] The AlGaN layer 2C, whose Al compositional ratio p is setto be less than 0.1, has higher mobility but undesirably
has a capacitance exceeding 0.1 pF between the gate and source electrodes. The Al compositional ratio set to be more
than 0.98 undesirably leads to a small mobility. It is conceivable that mobility will decrease when the Al compositional
ratio exceeds 0.98 because minute cracks appear in the channel layer and the crystallinity of the channel layer accordingly
decreases.

[0048] As described above, the HEMT device 20 according to this embodiment can achieve a mobility as high as 1000
cm2/V-s or more even if the base layer 2 is formed as any one of the Zn-doped GaN layer 2A, the C-containing GaN
layer 2B, and the AlGaN layer 2C, whereas the capacitance between the gate and source electrodes is reduced down
to less than 0.1 pF.

<Procedure of producing composite substrate and HEMT device>

[0049] Next, the procedure of producing the group 13 nitride composite substrate 10 and the HEMT device 20 that
have the configurations described above will be described. Since it is preferable in this embodiment that any one of the
Zn-doped GaN layer 2A, the C-containing GaN layer 2B, and the AlGaN layer 2C be formed on the base material 1 as
the base layer 2 as described above, the methods of forming the Zn-doped GaN layer 2A, the C-containing GaN layer
2B, and the AlGaN layer 2C will be individually described as the method of forming the base layer 2, and then, the
formation of the channel layer 3 and the barrier layer 4 on the base layer 2 will be described.

(Formation of Zn-doped GaN layer)

[0050] The Zn-doped GaN layer 2A is produced by the flux method. Specifically, a GaN substrate being the base
material 1 is prepared. Then, the base material 1 being a seed crystal, 20 to 70 g of metal Ga, 40 to 120 g of metal Na,
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and 0.1 to 5 g of metal Zn are charged into an alumina crucible. Subsequently, the alumina crucible is placed in a heat-
resistant metal growing vessel and is then sealed.

[0051] Then, in the heat-resistance, pressure-tight crystal growing furnace whose furnace temperature has been set
to 800 to 900°C and whose furnace pressure has been set to 3 to 10 MPa, into which a nitrogen gas has been introduced,
the growing vessel is held for 20 to 100 hours while being horizontally rotated. With this holding, a GaN single-crystal
layer containing doped Zn is deposited to have a thickness of about 100 to 500 wm on the base material 1 while a melt
containing the metal Ga, the metal Na, and the metal Zn is being stirred.

[0052] The furnace is cooled slowly to room temperature, and then, the base material 1 on which a Zn-doped GaN
single crystal layer has deposited (composite substrate) is taken out of the alumina crucible.

[0053] Subsequently, the surface of the formed Zn-doped GaN single crystal layer is planarized with diamond abrasive
grains such that the layer has a thickness of 10 to 100 wm. This completes the formation of the Zn-doped GaN layer 2A.
[0054] If the single crystal layer grown by the flux method has a thickness of less than 10 um, it is difficult to planarize
the surface of the single crystal layer and regulate the thickness thereof at a constant value. Therefore, the single crystal
layer grown by the flux method preferably has a thickness of 10 wm or more.

(Formation of C-containing GaN layer)

[0055] The C-containing GaN layer 2B is formed by the MOCVD method. In the formation of the C-containing GaN
layer 2B, a known MOCVD furnace is used that is configured such that its reactor is supplied with at least a metal organic
(MO) source gas for Ga (TMG), an ammonia gas being a source gas of N, a hydrogen gas, and a nitrogen gas. Needless
to say, the MOCVD furnace may be configured to be supplied with other source gas.

[0056] Specifically, a GaN substrate being the base material 1 is first prepared and is placed on the susceptor provided
in the reactor. Then, the susceptor is heated to set the base material 1 to a predetermined temperature (C-containing
GaN layer forming temperature) of 1000°C or higher and 1150°C or lower. At the same time, while keeping the reactor
pressure at a predetermined value of 10 kPa or more and 50 kPa or less, the supply of TMG and an ammonia gas being
source gases, and further, a carrier gas is adjusted such that a gas ratio of group 15 to group 13 has a predetermined
value of 100 or more and 2000 or less. As a result, the C-containing GaN layer 2B having a desired C-concentration is
formed on the surface of the base material 1.

[0057] In the formation of a GaN layer by the MOCVD method, the C concentration thereof varies depending on a
value of the gas ratio of group 15 to group 13. This phenomenon is employed in the formation of the C-containing GaN
layer 2B in this embodiment. That is, the GaN layer is caused to contain a desired concentration of C by appropriately
adjusting the reactor pressure and the gas ratio of group 15 to group 13 in the formation of a GaN layer.

[0058] Forexample, the C concentration of the C-containing GaN layer 2B is 5x 1016/cm3 in the case where the reactor
pressure is set to 100 kPa and the gas ratio of group 15 to group 13 is set to 1000, and the C concentration of the C-
containing GaN layer 2B is 5x1018/cm3 in the case where the reactor pressure is set to 10 kPa and the gas ratio of
group 15 to group 13 is set to 100. The C concentration of the C-containing GaN layer 2B can vary depending on the
value of the gas ratio of group 15 to group 13 because the C supply amount varies depending on the supply amount of
a group 13 gas and the stability of the C element of a GaN crystal is subject to temperature and pressure.

[0059] In this embodiment, the gas ratio of group 15 to group 13 is a ratio (molar ratio) of the supply amount of a group
15 source to the supply amount of a group 13 source. In the formation of the C-containing GaN layer 2B, the molar ratio
of an ammonia gas being an N source to the supply amount of TMG being a Ga source corresponds to the gas ratio of
group 15 to group 13.

(Formation of AlGaN layer)

[0060] The AlGaN layer 2C is formed by the MOCVD method, similarly to the formation of the C-containing GaN layer
2B. Thus, in the formation of the AlGaN layer 2C, an MOCVD furnace similar to that in the formation of the C-containing
GaN layer 2B can be used if it can be also supplied with a metal organic (MO) source gas for Al (TMA). Needless to
say, the MOCVD furnace may be configured to be supplied with other source gas.

[0061] Specifically, a GaN substrate being the base material 1 is first prepared and is placed on the susceptor provided
in the reactor. Then, the susceptor is heated to set the base material 1 to a predetermined temperature (AlGaN layer
forming temperature) of 1050°C or higher and 1200°C or lower. At the same time, while keeping the reactor pressure
at a predetermined value of 5 kPa or more and 30 kPa or less, the supply of TMG and TMA being source gases and an
ammonia gas, and further, a carrier gas is adjusted such that a gas ratio of group 15 to group 13 has a predetermined
value of 500 or more and 5000 or less. As a result, the AlGaN layer 2C is formed on the surface of the base material 1.
[0062] To setthe Al compositional ratio p of the AlGaN layer 2C to a predetermined value, the ratio of the Al source
gas (TMA) to the group 13 source gas, namely, the ratio of the flow of TMA to the flow of the entire group 13 source gas
(a total sum of the flow of TMA and TMG), may be adjusted to agree with a desired compositional ratio. If such a flow
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rate ratio is represented as TMA/(TMA+TMG) ratio, for example, the Al compositional ratio p of the AlIGaN layer 2C is
0.1 for the TMA/(TMA+TMG) ratio set to 0.1, and is 0.98 for the TMA/(TMA+TMG) ratio set to 0.98.

(Formation of channel layer and subsequent ones)

[0063] After the formation of the base layer 2 by any of the approaches described above, the channel layer 3 and the
barrier layer 4 are formed in sequence. The channel layer 3 and the barrier layer 4 are formed by the MOCVD method.
Preferably, the channel layer 3 and the barrier layer 4 are successively formed in a single MOCVD furnace. To form the
C-containing GaN layer 2B or AlGaN layer 2C as the base layer 2, it is preferable to sequentially form layers including
these layers in a single MOCVD furnace.

[0064] To form the channel layer 3 and the barrier layer 4, a known MOCVD furnace is used that is configured such
that its reactor can be supplied with metal organic (MO) source gases for group 13 elements (Ga, Al, In) (TMG, TMA,
TMI), an ammonia gas being the source gas of nitrogen (N), a hydrogen gas, and a nitrogen gas.

[0065] To form the channel layer 3, the composite substrate after the formation of the base layer 2 is first placed on
the susceptor provided in the reactor. Then, the susceptor is heated to set the composite substrate to a predetermined
temperature (channel layer forming temperature) of 1000°C or higher and 1150°C or lower. At the same time, while
keeping the reactor pressure at a predetermined value of 50 kPa or more and 100 kPa or less, the supply of TMG and
an ammonia gas being source gases, and a carrier gas is adjusted such that the gas ratio of group 15 to group 13 has
a predetermined value of 1000 or more and 5000 or less. As a result, the channel layer 3 is formed.

[0066] To form the barrier layer 4 subsequent to the formation of the channel layer 3, the composite substrate after
the formation of the channel layer 3 is set to a predetermined temperature (barrier layer forming temperature) of 1050°C
or higher and 1200°C or lower. At the same time, while keeping the reactor pressure at a predetermined value of 5 kPa
or more and 30 kPa or less, the supply of TMG, TMA, TMI, and an ammonia gas being source gases and a carrier gas
is adjusted depending on the composition of the barrier layer 4 such that the gas ratio of group 15 to group 13 is 5000
or more and 50000 or less. As a result, the barrier layer 4 is formed.

[0067] As the result of the formation of the barrier layer 4, the group 13 nitride composite substrate 10 according to
this embodiment has been obtained.

[0068] After the formation of the group 13 nitride composite substrate 10, the HEMT device 20 is formed using this
substrate. The following steps will be performed by a known technique.

[0069] First, a multilayer film of Ti/Al/Ni/Au is formed at locations for formation on the barrier layer 4 by the photoli-
thography process and the vacuum deposition method, thereby forming a multilayer metal that will serve as the source
electrode 5 and the drain electrode 6.

[0070] Subsequently, to provide good ohmic property to the source electrode 5 and the drain electrode 6, the group
13 nitride composite substrate 10 on which the source electrode 5 and the drain electrode 6 have been formed is heat-
treated for several tens of seconds in a nitrogen gas atmosphere at a predetermined temperature of 650 to 1000°C.
[0071] Subsequently, a multilayer film of Pd/Au is formed at a location for formation on the barrier layer 4 by the
photolithography process and the vapor deposition method, thereby forming a multilayer metal that will serve as the
gate electrode 7.

[0072] As described above, in this embodiment, the base layer being a high-resistance layer is provided on the base
material being a conductive GaN substrate, and then, the channel layer being a low-impurity layer and the barrier layer
are provided thereon in sequence, thereby forming a HEMT device having a mobility as high as 1000 cm2/V-s or more
while the capacitance between gate and source electrodes thereof is reduced to less than 0.1 pF. In other words, this
embodiment enables a group 13 nitride composite substrate allowing for the production of a HEMT device suitable for
high-frequency applications while including a conductive GaN substrate as a base material, and further enables a HEMT
device suitable for high-frequency applications.

Examples
(Example 1)

[0073] Inthis example, a Zn-doped GaN layer 2A was formed as a base layer 2 to produce a group 13 nitride composite
substrate 10, and further, the group 13 nitride composite substrate 10 was used to produce a HEMT device 20. Then,
several characteristics were evaluated during and after the production.

[0074] More specifically, in this example, six types of group 13 nitride composite substrates 10 were produced on
different conditions for the Zn concentration of the Zn-doped GaN layer 2A, and HEMT devices 20 for the respective
substrates 10 were produced (Nos. 1-1 to 1-6). In the following description, a GaN layer from which Zn is not detected
may be referred to as a Zn-doped GaN layer 2A for convenience sake.

[0075] A so-called multi-patterning process capable of producing a large number of devices from a single mother
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substrate was employed in the production of the HEMT devices 20.

[0076] In the production of a sample under any condition, first, a 4-in.-diam. conductive GaN substrate of an n-con-
ductivity type having a (0001) plane orientation was prepared as the mother substrate that serves as the base material
1. The resistivity of this GaN substrate was 0.1 Q-cm.

[0077] Then, the conductive GaN substrate, a metal Ga, a metal Na, and a metal Zn were charged into an alumina
crucible. On this occasion, the charge amounts of the metal Ga and metal Na were 45 g and 66 g, respectively, whereas
the charge amount of the metal Zn was varied for each condition (for each sample) to vary Zn concentration. Specifically,
the charge amounts of the samples 1-1 to 1-6 were 0 g (no charge), 0.1 g, 0.2 g, 0.5 g, 2 g, and 5 g, respectively.
[0078] After that, the alumina crucibles on the respective conditions were put into the heat-resistant metal growing
vessel and sealed. Further, the growing vessel was held while being horizontally rotated for about 10 hours in the crystal
growing furnace, into which a nitrogen gas was to be introduced, under the condition that the furnace temperature was
900°C and the furnace pressure was 5 MPa.

[0079] The conductive GaN substrate was taken out of the alumina crucible after the growth, and then, it was confirmed
that a GaN single crystal was deposited with a thickness of about 150 wm on the (0001) plane thereof an each condition.
[0080] Then, the surface of the GaN single crystals formed on the conductive GaN substrate was ground with diamond
abrasive grains and was planarized to have a thickness of 25 um. As a result, six types of composite substrates were
obtained, each of which had the Zn-doped GaN layer 2A as the base layer 2 on the conductive GaN substrate. In any
of the samples, no crack was found on the surface of the Zn-doped GaN layer 2A.

[0081] For each of the composite substrates, the Zn concentration of the Zn-doped GaN layer 2A was identified by
SIMS, and the resistivity of the Zn-doped GaN layer 2A was measured by the van der Pauw method.

[0082] Table 1 shows the Zn concentration and resistivity of the Zn-doped GaN layer 2A (base layer) for each condition
(for each sample).

[Table1]
Sample Zn concer::ation of base Resistivity of base Mobility Capacitance between gate and
yer layer source electrodes
e [/lcm3] [Q-cm] [cm2/V-s] [PF]
1-1 <1x1016 1x10! 1850 120
1-2 5x1017 3x106 1750 0.5
1-3 1x1018 1x107 1600 <0.1
1-4 1x1019 3x107 1200 <0.1
1-5 2x1019 5x107 1150 <0.1
1-6 3x1019 1x108 650 <0.1

[0083] As shown in Table 1, the Zn concentration of the Zn-doped GaN layer 2A had a larger value with a larger
charging amount of the metal Zn. It was confirmed that the sample 1-1 actually contained no Zn because the measured
value of Zn concentration was less than the lower detection limit, 1x1016/cm3.

[0084] The resistivity of the Zn-doped GaN layer 2A was 1Xx 108 Q-cm or more except for the sample 1-1 and had a
larger value with a higher Zn concentration. In particular, the values of 1x107 Q-cm or more were obtained in the samples
1-3 to 1-6. This confirmed that, in the samples 1-2 to 1-6 in which Zn was doped, the Zn-doped GaN layer 2A was formed
as a semi-insulating layer.

[0085] Each of the thus obtained composite substrates was placed in the susceptor in the reactor of the MOCVD
furnace. After the internal gas of the reactor was vacuumed, the reactor pressure was set to 100 kPa, thereby forming
an atmosphere in hydrogen/nitrogen mixed flow state. Subsequently, the susceptor was heated to raise the temperature
of the substrate. When the susceptor temperature reached 1100°C, a TMG gas and an ammonia gas were introduced
into the reactor, thereby forming a GaN layer as the channel layer 3 to have a thickness of 2 um.

[0086] Inthe formation of the channel layer 3, a hydrogen gas was used as the bubbling gas for a metal organic source
and the carrier gas. The gas ratio of group 15 to group 13 was set to 2000.

[0087] The C-concentrations of the samples, which have undergone the process up to the formation of the channel
layer 3 on the same conditions, were measured by SIMS, so that the C-concentration of each sample was about
2x10'6/cm3. This confirmed that the channel layer 3 was formed as a low-impurity layer. The lower detection limit of
the C-concentration in the SIMS measurement was 1x1016/cm3.

[0088] After the channel layer 3 was obtained, then, the susceptor temperature was continuously kept at 1100°C, and
the reactor pressure was set to 10 kPa. Subsequently, TMG, TMA, and an ammonia gas were introduced into the reactor
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at a predetermined flow rate ratio, thereby forming an Al, ,Ga, gN layer as the barrier layer 4 to have a thickness of 25
nm. In the formation of the barrier layer 4, a hydrogen gas was used as the bubbling gas for the metal organic source
and the carrier gas. The gas ratio of group 15 to group 13 was 5000.

[0089] After the formation of the barrier layer 4, the susceptor temperature was lowered to around room temperature,
and the internal gas of the reactor was returned to atmospheric pressure. Then, the reactor was opened to the air,
thereby taking out the produced group 13 nitride composite substrate 10.

[0090] Then, the mobility of the HEMT structure formed on the group 13 nitride composite substrate 10 was measured
by Hall measurement (van der Pauw method).

[0091] Specifically, a 6 mm X 6 mm square specimen was cut out from each of the six types of group 13 nitride
composite substrates 10. Subsequently, 0.5 mm X 0.5 mm square Ti/Al electrodes were deposited on the four corners
of the specimen, and were then annealed for one minute at 600°C in a nitrogen gas. Then, the temperature was lowered
to room temperature, thereby obtaining samples for measurement. After confirming that ohmic contact has been provided
between the Ti/Al electrodes and the HEMT structure, the mobility of the HEMT structure was measured by Hall meas-
urement. Table 1 also shows the measurement results of the mobility.

[0092] Subsequently, the HEMT device 20 was manufactured using the group 13 nitride composite substrate 10. The
HEMT device 20 was designed to have a gate width of 1 mm, a source-gate distance of 1 um, a gate-drain distance of
7.5 pm, and a gate length of 1.5 pm.

[0093] In the production of the HEMT device 20, prior to the formation of the electrodes, a SiN film (not shown) was
formed with a thickness of 100 nm as a passivation film on the group 13 nitride composite substrate 10 (on the barrier
layer 4).

[0094] Subsequently, the SiN film formed at the locations at which the source electrode 5, the drain electrode 6, and
the gate electrode 7 were to be formed was etched by photolithography, thereby obtaining a SiN pattern.

[0095] Then, the source electrode 5 and the drain electrode 6 were formed. Specifically, first, a multilayer metal pattern
of Ti/Al/Ni/Au (film thickness thereof is 25/75/15/100 nm) was formed at the predetermined locations for formation by
the vacuum deposition method and the photolithography process, thereby forming the electrodes 5 and 6. After that, for
improved ohmic property of the source electrode 5 and the drain electrode 6, heat treatment was performed for 30
seconds at 800°C in a nitrogen gas atmosphere.

[0096] Subsequently, the gate electrode 7 was formed. Specifically, a Schottky metal pattern of Pd/Au (film thickness
thereof is 30/100 nm) was formed at the predetermined locations for formation by the vacuum deposition method and
the photolithography process, thereby forming the gate electrode 7.

[0097] Finally, the substrate was cut into pieces on a device-by-device basis by dicing, thereby obtaining the HEMT
devices 20.

[0098] The capacitance between the gate and source electrodes of the obtained HEMT device 20 was measured.
Table 1 also shows the measurement results of the capacitance between gate and source electrodes of each sample.
[0099] The results shown in Table 1 confirm that a capacitance between gate and source electrodes of 0.5 pF or less
is obtained in the HEMT devices of Nos. 1-2 to 1-6, in which the resistivity of the Zn-doped GaN layer 2A is 1x 108 Q-cm
or more, and that a mobility as high as 1000 cm2/V-s or more and a capacitance between gate and source electrodes
as small as 0.1 pF or less are obtained in the HEMT devices of Nos. 1-3 to 1-5, in which the range of the Zn concentration
of the Zn-doped GaN layer 2A is from 1x10'8/cm3 or more to 2x101%cm3 or less.

[0100] Itis also confirmed that the capacitance between gate and source electrodes does not always decrease suffi-
ciently in the HEMT devices of Nos. 1-1 and 1-2 in which the Zn concentration is smaller than 1x1018/cm3 while the
mobility decreases in the HEMT device of No. 1-6 in which the Zn concentration is larger than 2x1019/cm3.

(Example 2)

[0101] In this example, a group 13 nitride composite substrate 10 including a C-containing GaN layer 2B as a base
layer 2 was produced, and further, the group 13 nitride composite substrate 10 was used to produce a HEMT device
20. Five types of group 13 nitride composite substrates 10 were produced on different conditions for the C concentration
of the C-containing GaN layer 2B, and HEMT devices 20 for the respective substrates 10 were produced (Nos. 2-1 to
2-5). The production procedure was similar to that of Example 1 except for that the C-containing GaN layer 2B, the
channel layer 3, and the barrier layer 4 were formed sequentially in a single MOCVD furnace. Then, the characteristics
were evaluated during and after the production.

[0102] In the production of the sample on each condition, a conductive GaN substrate similar to that used in Example
1 was placed in the susceptor in the reactor of the MOCVD furnace. After that, the internal gas of the reactor was
vacuumed, and then, an atmosphere in hydrogen/nitrogen mixed flow state was formed. Subsequently, the susceptor
was heated to raise the temperature of the substrate. When the susceptor temperature reached 1100°C, a TMG gas
and an ammonia gas were introduced into the reactor, thereby forming a GaN layer to have a thickness of 10 um. On
that occasion, for different C-concentrations, the reactor pressure and the gas ratio of group 15 to group 13 were
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differentiated for each condition (for each sample). Specifically, the reactor pressure was set to 100 kPa, 50 kPa, 50
kPa, 10 kPa, and 10 kPa for the samples 2-1 to 2-5, respectively. The gas ratio of group 15 to group 13 was set to 1000,
2000, 500, 200, and 100 for the samples 2-1 to 2-5, respectively. A hydrogen gas was used as the bubbling gas for a
metal organic material and the carrier gas in the formation of the C-containing GaN layer 2B.

[0103] After the formation of the C-containing GaN layer 2B, C concentration thereof was measured by SIMS.
[0104] Atfter that, the procedure from forming the channel layer 3 to finally obtaining the HEMT device 20 was similar
to that of Example 1. The mobility and the capacitance between gate and source electrodes were measured as in
Example 1.

[0105] Table 2 shows the C-concentration and resistivity of the C-containing GaN layer 2B (base layer), mobility, and
capacitance between gate and source electrodes for each condition (for each sample).

[Table 2]
Sample C concenlt;ation of base Resistivity of base Mobility Capacitance between gate and
yer layer source electrodes
e [/cm3] [Q-cm] [cm2/V-s] [PF]
2-1 5%1016 3%103 1800 25
2-2 8x%1016 3x106 1600 <0.1
2-3 2x1017 4x106 1550 <0.1
2-4 3x1018 6x108 1250 <0.1
2-5 5x1018 4x107 950 <0.1

[0106] The results shown in Table 2 confirm that a resistivity of 1xX108 Q-cm or more is obtained in the HEMT devices
of Nos. 2-2 to 2-5 in which the range of the C concentration of the C-containing GaN layer 2B is from 8x1016/cm3 or
more and that a mobility as high as 1000 cm2/V-s or more and a capacitance between gate and source electrodes as
small as 0.1 pF or less are obtained in the HEMT devices of Nos. 2-2 to 2-4 in which the range of the C concentration
of the C-containing GaN layer 2B is from 8 x1016/cm3 or more to 3x10'8/cm3 or less.

[0107] Itis also confirmed that the capacitance between gate and source electrodes does not always decrease suffi-
ciently in the HEMT device of No. 2-1 in which the C concentration is smaller than 8X1016/cm3 and that the mobility
decreases in the HEMT device of No. 2-5 in which the C concentration is larger than 3 1018/cm3.

(Example 3)

[0108] In this example, a group 13 nitride composite substrate 10 including an AlGaN layer 2C having a composition
AIpGa1_pN as the base layer 2 was produced, and further, the group 13 nitride composite substrate 10 was used to
produce the HEMT device 20. Six types of group 13 nitride composite substrates 10 were produced on different conditions
for the Al compositional ratio p of the AlGaN layer 2C, and HEMT devices 20 for the respective substrates 10 were
produced (Nos. 3-1 to 3-6). The production procedure was similar to that of Example 1 except for that the AlGaN layer
2C, the channel layer 3, and the barrier layer 4 were formed sequentially in a single MOCVD furnace. Then, the char-
acteristics were evaluated during and after the production.

[0109] In the production of the sample on each condition, a conductive GaN substrate similar to that used in Example
1 was placed in the susceptor in the reactor of the MOCVD furnace. After that, the internal gas of the reactor was
vacuumed, and then, and the reactor pressure was set to 10 kPa, thereby forming an atmosphere in hydrogen/nitrogen
mixed flow state. Subsequently, the susceptor was heated to raise the temperature of the substrate. When the susceptor
temperature reached 1100°C, a TMG gas, a TMA gas, and an ammonia gas were introduced into the reactor, thereby
forming an AlGaN layer 2C to have a thickness of 0.2 um. On that occasion, for different Al compositional ratios p, the
TMA/(TMA+TMG) ratio was differentiated for each condition (for each sample). Specifically, the TMA/(TMA+TMG) ratio
was set to 0.08, 0.1, 0.2, 0.5, 0.98, and 1 for the samples 3-1 to 3-6, respectively. A hydrogen gas was used as the
bubbling gas for a metal organic material and the carrier gas in the formation of the AlGaN layer 2C.

[0110] Atfter that, the procedure from forming the channel layer 3 to finally obtaining the HEMT device 20 was similar
to that of Example 1. The mobility and the capacitance between gate and source electrodes were measured as in
Example 1.

[0111] Table 3 shows the Al composition ratio p and resistivity of the AlGaN layer 2C (base layer), mobility, and
capacitance between gate and source electrodes for every condition (for every sample).
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[Table 3]
N ) Resistivity of Mobilit Capacitance between gate and source
Sample No. Al composition ratio p of base layer y electrodes
base layer

[©Q-cm] [cm2/V-s] [PF]
3-1 0.08 2x10° 1800 0.6
3-2 0.1 2x108 1600 <0.1
3-3 0.2 3x108 1550 <0.1
3-4 0.5 6x106 1400 <0.1
3-5 0.98 2x107 1050 <0.1
3-6 1 6x107 850 <0.1

[0112] The results shown in Table 3 confirm that a resistivity of 1xX108 Q-cm or more is obtained in the HEMT devices
of Nos. 3-2 to 3-6 in which the range of the Al compositional ratio p of the AlGaN layer 2C is 0.1 or more and that a
mobility as high as 1000 cm2/V-s or more and a capacitance between gate and source electrodes as small as 0.1 pF or
less are obtained in the HEMT devices of Nos. 3-2 to 3-5 in which the range of the Al compositional ratio p of the AIGaN
layer 2C is from 0.1 or more to 0.98 or less.

[0113] Itis also confirmed that the capacitance between gate and source electrodes does not always decrease suffi-
ciently in the HEMT device of No. 3-1 in which the C concentration is smaller than 0.1 while the mobility decreases in
the device of No. 3-6 in which the C concentration is larger than 0.98. The HEMT device of No. 3-6 where p=1 is the
sample including the base layer 2 of AIN.

(Comparative Example 1)

[0114] A HEMT device was produced as in Example 1 (also as in Examples 2 and 3) except for that no base layer 2
was formed and the HEMT structure was provided directly on the base material 1.

[0115] The capacitance between gate and source electrodes of the obtained HEMT device was measured, which was
50 pF.

[0116] This result reveals that providing the base layer 2 as in Examples 1 to 3 is effective for reducing the parasitic
capacitance of the HEMT device.

(Comparative Example 2)

[0117] A 15 mm X 15 mm square semi-insulating GaN substrate having a resistivity of 1x10% Q-cm or more and a
(0001) plane orientation was prepared in place of the conductive GaN substrate used as the base material 1 in Examples
1 to 3 and Comparative Example 1, and the substrate was used to produce a HEMT device without forming the base
layer 2 as in Comparative Example 1.

[0118] During the production, the mobility and the capacitance between gate and source electrodes were measured
by Hall measurement as in Examples 1 to 3. As a result, the mobility was 1500 cm?2/V-s and the capacitance between
gate and source electrodes was less than 0.1 pF.

[0119] The results above reveal that even in the case where a conductive GaN substrate is used as the base material
1 as in Examples 1 to 3, a HEMT device suitable for high-frequency applications, having characteristics comparable to
those of the HEMT device having a HEMT structure provided directly on the semi-insulating GaN substrate, is obtained
by providing the base layer 2 between the channel layer 3b and the base material 1 on a predetermined condition.

(Comparative Example 3)

[0120] HEMT devices were produced as in Nos. 2-3 and 2-4 of Example 2 except for that after the formation of a C-
containing GaN layer 2B as the base layer 2, a channel layer 3 was formed to have the same C concentration as that
of the C-containing GaN layer 2B. The total thickness of the base layer 2 and the channel layer 3 was setto 12 um. The
sample produced on the condition corresponding to No. 2-3 will be referred to as No. 2-3a and the sample produced on
the condition corresponding to No. 2-4 will be referred to as No. 2-4a.

[0121] During the production, the mobility and the capacitance between gate and source electrodes were measured
by Hall measurement as in Examples 1 to 3.
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[0122] Table 4 shows the C concentration and resistivity of the base layer (and the channel layer), the mobility, and
the measurement results of the capacitance between gate and source electrodes for each condition (for each sample).

[Table 4]
C concentration of base Resistivity of base layer . Capacitance between gateand
Sample Mobility

layer (and channel layer) (and channel layer) source electrodes

No.
[flcm3] [Q-cm] [cm2/V:s] [pF]

2-3a 2x1017 4x106 900 <0.1
2-4a 3x1018 6106 750 <0.1

[0123] As aresult of the comparison between the results of the HEMT devices of Nos. 2-3a and 2-4a shown in Table
4 and the results of the HEMT devices of Nos. 2-3 and 2-4 in Example 2 shown in Table 2, the gate-source capacitance
was reduced to less than 0.1 pF similarly to the HEMT devices of Nos. 2-3 and 2-4, but the mobility fell below 1000 cm2/Vs.
[0124] These results indicate that to obtain a HEMT device suitable for high-frequency applications, it is preferable to
form a base layer 2 containing a relatively high concentration of C on a conductive base material 1 and then provide a
channel layer 3 containing a low concentration of impurities (substantially containing a relatively low concentration of C).
[0125] This application is a divisional application of European patent application no. 1 4807 779.5 (the "parent appli-
cation"), also published as EP 3 007 215. Based on the original claims of the parent application, the following aspects
form part of the content of this divisional application as filed.

[0126] In afirst aspect of the present invention, a group 13 nitride composite substrate comprises: a base material of
an n-conductivity type formed of GaN; a base layer located on said base material, said base layer being a group 13
nitride layer having a resistivity of 1xX108 Qcm or more; a channel layer located on said base layer, said channel layer
being a GaN layer having a total impurity concentration of 1< 1017/cm3 or less; and a barrier layer located on said channel
layer, said barrier layer being formed of a group 13 nitride having a composition Al,In,Gay, N (0<x<1, 0<y<1).

[0127] In a second aspect of the present invention, in the group 13 nitride composite substrate according to the first
aspect, said base layer is a Zn-doped GaN layer being a GaN layer containing Zn doped at a density of 1x1018/cm3 or
more and 2x1019/cm3 or less.

[0128] In a third aspect of the present invention, in the group 13 nitride composite substrate according to the first
aspect, said base layer is a C-containing GaN layer being a GaN layer containing C at a density of 8 x 1016/cm3 or more
and 3x10'8/cm3 or less.

[0129] In a fourth aspect of the present invention, in the group 13 nitride composite substrate according to the first
aspect, said base layer is an AlGaN layer formed of Al,Ga N (0.1<p<0.98).

[0130] In a fifth aspect of the present invention, a semiconductor device comprises: the group 13 nitride composite
substrate according to any one of the aspects one to four; a source electrode and a drain electrode that are located on
said barrier layer of said group 13 nitride composite substrate and have ohmic contact with said barrier layer; and a gate
electrode located on said barrier layer of said group 13 nitride composite substrate and has Schottky contact with said
barrier layer.

[0131] In a sixth aspect of the present invention, a method for manufacturing a group 13 nitride composite substrate
comprises: a base layer forming step of forming, on a base material of an n-conductivity type formed of GaN, a base
layer being a group 13 nitride layer having a resistivity of 1x 108 Qcm or more; a channel layer forming step of forming,
on said base layer, a channel layer being a GaN layer having a total impurity concentration of 1x1017/cm3 or less; and
a barrier layer forming step of forming, on said channel layer, a barrier layer formed of a group 13 nitride having a
composition Al,In,Gaq_, N (0<x<1, O<y<1).

[0132] In a seventh aspect of the present invention, in the method for manufacturing a group 13 nitride composite
substrate according to the sixth aspect, said base layer forming step is a Zn-doped GaN layer forming step of forming,
as said base layer, a GaN layer containing Zn doped at a density of 1x1078/cm3 or more and 2x1019/cm3 or less.
[0133] In an eight aspect of the present invention, in the method for manufacturing a group 13 nitride composite
substrate according to the sixth aspect, said base layer forming step is a C-containing GaN layer forming step of forming,
as said base layer, a GaN layer containing C at a density of 8X1016/cm3 or more and 3x1018/cm3 or less.

[0134] Inaninth aspectofthe presentinvention, in the method for manufacturing a group 13 nitride composite substrate
according to the sixth aspect, said base layer forming step is an AlGaN layer forming step of forming, as said base layer,
an AlGaN layer of AIpGa1_pN (0.1<p<0.98).
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1. A group 13 nitride composite substrate, comprising:

a base substrate of an n-conductivity type formed of GaN;

a base layer located on said base substrate, said base layer being an AlGaN layer formed of AIpGa1_pN with
0.1<p<0.98 and having a resistivity of 1x108 Q-cm or more;

a channel layer located on said base layer, said channel layer being a GaN layer having a total impurity con-
centration of 1x1017/cm3 or less; and

a barrier layer located on said channel layer, said barrier layer being formed of a group 13 nitride having a

composition AIXInyGa1_X_yN (0<x<1, 0<y<1).

2. A semiconductor device, comprising:

the group 13 nitride composite substrate according to claim 1;

a source electrode and a drain electrode that are located on said barrier layer of said group 13 nitride composite
substrate and have ohmic contact with said barrier layer; and

a gate electrode located on said barrier layer of said group 13 nitride composite substrate and has Schottky
contact with said barrier layer.

3. A method for manufacturing a group 13 nitride composite substrate, comprising:

a base layer forming step of forming, on a base substrate of an n-conductivity type formed of GaN, a base layer
being an AlGaN layer formed of AIpGa1_pN with 0.1<p<0.98 and having a resistivity of 1108 Q-cm or more;
a channel layer forming step of forming, on said base layer, a channel layer being a GaN layer having a total
impurity concentration of 1x1017/cm3 or less; and

a barrier layer forming step of forming, on said channel layer, a barrier layer formed of a group 13 nitride having
a composition Al,In,Gay_,. N (0<x<1, O<y<1).

13
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