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(54) SEMICONDUCTOR STRUCTURE, TRANSISTOR INCLUDING THE SAME, AND METHOD OF 
MANUFACTURING THE TRANSISTOR

(57) A semiconductor structure includes a substrate;
at least one mask layer spaced apart from the substrate
in a first direction; a first semiconductor region of a first
conductivity type between the substrate and the at least
one mask layer; a second semiconductor region of a sec-
ond conductivity type on the at least one mask layer; and
a third semiconductor region of the first conductivity type

on the first semiconductor region. The third semiconduc-
tor region may contact the second semiconductor region
to form a PN-junction structure in a second direction dif-
ferent from the first direction. The semiconductor struc-
ture may be applied to vertical power devices and may
be capable of increasing withstand voltage performance
and lowering an on-resistance.
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Description

FIELD OF THE INVENTION

[0001] Embodiments set forth herein relate to a semi-
conductor structure, a transistor including the same, and
a method of manufacturing the transistor.

BACKGROUND OF THE INVENTION

[0002] The role of a power switching device is impor-
tant in a power conversion system that receives main
power and converts the main power into a voltage for a
plurality of devices or distributes the main power to the
plurality of devices. The power switching device may be
embodied as a transistor based on a semiconductor ma-
terial, such as silicon, GaN, or SiC, e.g., a metal oxide
semiconductor field effect transistor (MOSFET). Such a
power switching device may be required to have a high
breakdown voltage, and much research has been con-
ducted to reduce an on-resistance and obtain high inte-
gration and fast switching characteristics.
[0003] Generally, an n-type doped GaN epitaxial layer
is used in vertical GaN power devices, which are currently
being developed by various companies and academia,
to make vertical channels and drift regions. In this case,
a channel should be long to increase a voltage that the
device should withstand. However, when the channel is
long, an on-resistance is high. In addition, in order to
increase a length of the channel, a GaN epitaxial layer
should be formed to a large thickness but when GaN is
grown to a thick thickness on a heterogeneous substrate,
warpage, defects, breakage, etc. may occur due to a lat-
tice constant difference. When a homogeneous GaN
substrate is used, costs are very high and a wafer size
is small, and thus productivity may be low.

SUMMARY OF THE INVENTION

[0004] Provided is a semiconductor structure applica-
ble to a vertical power device.
[0005] Provided is also a vertical power device in which
the semiconductor structure is used to lower an on-re-
sistance and improve withstanding voltage.
[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments of the disclosure.
[0007] According to an aspect of an embodiment, a
semiconductor structure includes a substrate; at least
one mask layer spaced apart from the substrate in a first
direction; a first semiconductor region of a first conduc-
tivity type between the substrate and the at least one
mask layer; a second semiconductor region of a second
conductivity type on the at least one mask layer; and a
third semiconductor region of the first conductivity type
on the first semiconductor region, the third semiconduc-
tor region contacting the second semiconductor region

to form a PN-junction structure in a second direction dif-
ferent from the first direction.
[0008] In some embodiments, the third semiconductor
region may extend in the first direction from a region of
a surface of the first semiconductor region not covered
with the at least one mask layer toward an upper region
of the at least one mask layer.
[0009] In some embodiments, the second semicon-
ductor region may contact the at least one mask layer.
[0010] In some embodiments, the at least one mask
layer may include an insulating material that is configured
to limit and/or suppresses growth of a semiconductor.
[0011] In some embodiments, the semiconductor
structure may further include a high-concentration layer
between the substrate and the first semiconductor re-
gion. The high-concentration layer may be doped more
heavily than the first semiconductor region.
[0012] In some embodiments, the first semiconductor
region, the second semiconductor region, and the third
semiconductor region may include a Group III-V com-
pound semiconductor. The Group III may include at least
one element of boron (B), aluminum (Al), gallium (Ga),
or indium (In). The Group V may include nitrogen.
[0013] In some embodiments, the first semiconductor
region and the third semiconductor region may be formed
of a compound semiconductor of a same composition.
[0014] According to another aspect of an embodiment,
a transistor includes a drain electrode; at least one mask
layer spaced apart from the drain electrode in a first di-
rection; a first drift region of a first conductivity type be-
tween the drain electrode and the at least one mask layer;
a channel region of a second conductivity type on the at
least one mask layer; a second drift region on the first
drift region and the second direct region contacting the
channel region to form a PN-junction structure in a sec-
ond direction different from the first direction; a source
electrode on the channel region; and a gate electrode on
the second drift region.
[0015] In some embodiments, the channel region may
extend in the first direction toward an upper region of the
at least one mask layer, from a region of a surface of the
first drift region not covered with the at least one mask
layer.
[0016] In some embodiments, the channel region may
contact the at least one mask layer.
[0017] In some embodiments, the at least one mask
layer may include an insulating material that is configured
to limit and/or suppress growth of a semiconductor.
[0018] In some embodiments, the transistor may fur-
ther include a drain region between the drain electrode
and the first drift region. The drain region may be doped
with a dopant of a first conductivity type at a high con-
centration.
[0019] In some embodiments, the drain region may di-
rectly contact the first drift region.
[0020] In some embodiments, the first drift region, the
channel region, and the second drift region may include
a Group III-V compound semiconductor. The Group III-
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V compound semiconductor may include at least one el-
ement of boron (B), aluminum (Al), gallium (Ga), or indi-
um (In) as a Group III element. The Group III-V compound
semiconductor may include nitrogen as a Group V ele-
ment.
[0021] In some embodiments, the source electrode
may directly contact the channel region.
[0022] In some embodiments, the transistor may fur-
ther include a source region between the channel region
and the source electrode. The source region may be
doped with a dopant of a first conductivity type at a high
concentration.
[0023] In some embodiments, the source electrode
may be in a shape in which one end region thereof passes
through the source region and directly contacts the chan-
nel region.
[0024] In some embodiments, the source electrode
may be in a shape in which one end region thereof passes
through the source region and extends into the channel
region.
[0025] In some embodiments, the gate electrode may
be adjacent to the channel region and the second drift
region, and the transistor may further include a gate in-
sulating film surrounding the gate electrode to insulate
the gate electrode from the channel region and the sec-
ond drift region.
[0026] In some embodiments, the transistor may fur-
ther include a two-dimensional electron gas (2DEG) in-
duction layer configured to induce a two-dimensional
electron gas layer in the second drift region. The 2DEG
induction layer may be between the second drift region
and the source electrode and may be formed of a sem-
iconductor material of a composition different from that
of a semiconductor material of the second drift region.
[0027] In some embodiments, the source electrode
may be in a shape in which one end region thereof passes
through the 2DEG induction layer to directly contact the
channel region.
[0028] In some embodiments, the source electrode
may be in a shape in which one end region thereof passes
through the 2DEG induction layer to extend into the chan-
nel region.
[0029] In some embodiments, a thickness of the sec-
ond drift region may be greater than a thickness of the
first drift region.
[0030] According to another aspect of an embodiment,
a method of manufacturing a transistor includes forming
a first drift region of a first conductivity type on a substrate;
forming at least one mask layer on the first drift region;
forming a second drift region by growing a semiconductor
from a region of a surface of the first drift region not cov-
ered with the at least one mask layer; forming a channel
region of a second conductivity type on the at least one
mask layer; forming a source electrode on the channel
region; forming a gate electrode on the second drift re-
gion; and forming a drain electrode below the first drift
region.
[0031] In some embodiments, the method may further

include, before forming the first drift region on the sub-
strate, forming a drain region doped with a dopant of the
first conductivity type dopant at a high concentration on
the substrate.
[0032] In some embodiments, the forming the first drift
region may include forming the first drift region drain in
direct contact with the drain region.
[0033] In some embodiments, the forming the channel
region may include forming the channel region to cover
an entire region of the surface of the first drift region not
covered with the at least one mask layer.
[0034] In some embodiments, the forming the source
electrode may include forming the source electrode in
direct contact with the channel region.
[0035] According to an aspect of an embodiment, a
semiconductor structure includes a substrate; a first sem-
iconductor region of a first conductivity type on the sub-
strate; a plurality of mask layers spaced apart from each
other on the first semiconductor region; a second semi-
conductor region of a second conductivity type on the
plurality on the plurality of mask layers; and a third sem-
iconductor region of the first conductivity type on the first
semiconductor region. The second conductivity type is
different than the first conductivity type. The third semi-
conductor region contacts the second semiconductor re-
gion to form a PN-junction structure in a direction parallel
to an upper surface of the substrate.
[0036] In some embodiments, a transistor may include
the semiconductor structure; a two-dimensional electron
gas (2DEG) induction layer over the second semicon-
ductor region and the third semiconductor region; a
source electrode extending through the 2DEG induction
layer and electrically connecting to the second semicon-
ductor region; and a gate electrode on the 2DEG induc-
tion layer. The gate electrode may be spaced apart from
the source electrode. The substrate may be a drain elec-
trode.
[0037] In some embodiments, a transistor may include
the semiconductor structure; a gate electrode on the third
semiconductor region; a gate insulating layer between
the gate electrode and the third semiconductor region;
and a source electrode electrically connected to the sec-
ond semiconductor region. The source electrode may be
spaced apart from the gate electrode and the substrate
may be a drain electrode.
[0038] In some embodiments, the first semiconductor
region, the second semiconductor region, and the third
semiconductor region may include a Group III-V com-
pound semiconductor. The Group III-V compound sem-
iconductor may include at least one element of boron (B),
aluminum (Al), gallium (Ga), or indium (In) as a Group
III, element. The Group III-V compound semiconductor
may include nitrogen as a Group V element.
[0039] In some embodiments, an electronic device
may include the semiconductor structure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and other aspects, features, and ad-
vantages of certain embodiments of the disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic cross-sectional view illustrating
a structure of a semiconductor structure according
to an embodiment;
FIG. 2 is a schematic cross-sectional view illustrating
a structure of a transistor according to an embodi-
ment;
FIGS. 3A and 3B are diagrams comparing a change
in a depletion region when the transistor of FIG. 2 is
turned on and when the transistor is turned off;
FIG. 4 is a schematic cross-sectional view illustrating
a structure of a transistor according to another em-
bodiment;
FIG. 5 is a schematic cross-sectional view illustrating
a structure of a transistor according to another em-
bodiment;
FIGS. 6 to 14 are diagrams illustrating a method of
manufacturing a transistor according to an embodi-
ment;
FIGS. 15 to 20 are diagrams illustrating a method of
manufacturing a transistor according to another em-
bodiment;
FIG. 21 is a schematic cross-sectional view illustrat-
ing a structure of a transistor according to another
embodiment;
FIG. 22 is a schematic cross-sectional view illustrat-
ing a structure of a transistor according to another
embodiment; and
FIG. 23 is a schematic of an electronic device ac-
cording to another embodiment.

DETAILED DESCRIPTION

[0041] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings, wherein like reference numerals refer
to like elements throughout. In this regard, the present
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects. As used herein, the term "and/or" includes any
and all combinations of one or more of the associated
listed items. Expressions such as "at least one of," when
preceding a list of elements (e.g., A, B, and C), modify
the entire list of elements and do not modify the individual
elements of the list. For example, "at least one of A, B,
and C," "at least one of A, B, or C," "one of A, B, C, or a
combination thereof," and "one of A, B, C, and a combi-
nation thereof," respectively, may be construed as cov-
ering any one of the following combinations: A; B; A and
B; A and C; B and C; and A, B, and C."

[0042] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings. Em-
bodiments described below are merely examples and
various modifications may be made therein. In the draw-
ings, like reference numerals refer to like elements, and
the size of each element may be exaggerated for clarity
and convenience of description.
[0043] As used herein, the term "on" or "above" an el-
ement may be understood to mean that the element can
be directly on another element or be on another element
not in contact with the other element.
[0044] The terms ’first’, ’second,’ etc. may be used to
describe various elements but are only used herein to
distinguish one element from another element. These
terms are not intended to limit materials or structures of
elements.
[0045] As used herein, the singular expressions are
intended to include plural forms as well, unless the con-
text clearly dictates otherwise. It will be understood that
when an element is referred to as "including" another
element, the element may further include other elements
unless mentioned otherwise.
[0046] Terms such as "unit", "module," and the like,
when used herein, represent units for processing at least
one function or operation, which may be implemented by
hardware, software, or a combination of hardware and
software.
[0047] The terms "the" and "a" and demonstratives
similar thereto may be understood to include both singu-
lar and plural forms.
[0048] Unless explicitly stated that operations of a
method should be performed in an order described be-
low, the operations may be performed in an appropriate
order. In addition, all terms indicating examples (e.g.,
etc.) are only for the purpose of describing technical ideas
in detail, and thus the scope of the present disclosure is
not limited by these terms unless limited by the claims.
[0049] The term "region" may refer to a layer, a sub-
strate, or other structural feature, or portion thereof, de-
pending on the context.
[0050] FIG. 1 is a schematic cross-sectional view illus-
trating a structure of a semiconductor structure according
to an embodiment.
[0051] Referring to FIG. 1, a semiconductor structure
100 includes a substrate SUB, a first semiconductor re-
gion 11 on the substrate SUB, at least one mask layer
13 on the first semiconductor region 11, and second sem-
iconductor regions 14 on the at least one mask layer 13
and third semiconductor regions 12 on the first semicon-
ductor region 11. A buffer layer 5 may be provided be-
tween the substrate SUB and the first semiconductor re-
gion 11.
[0052] A sapphire (Al2O3) substrate, a silicon (Si) sub-
strate, a silicon carbide (SiC) substrate, a metal sub-
strate, a GaN substrate, or the like may be used as the
substrate SUB.
[0053] The buffer layer 5 is employed to mitigate oc-
currence of defects, cracks, stress, etc. due to a lattice
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constant mismatch or a thermal expansion coefficient
mismatch between semiconductor materials of the sub-
strate SUB and the first semiconductor region 11 and to
obtain a high-quality semiconductor layer.
[0054] For example, when the substrate SUB is a sili-
con substrate and the first semiconductor region 11 in-
cludes GaN, thermal tensile stress may be applied to a
nitride semiconductor thin film during cooling due to a
difference in thermal expansion coefficient between Si
and GaN and thus the substrate SUB may warp, when
a GaN thin film is grown directly on the silicon substrate.
Cracks may occur when the thermal tensile stress ex-
ceeds a critical point. In addition, a defect may occur due
to a lattice constant difference.
[0055] The buffer layer 5 is illustrated as a single layer
but is not limited thereto and may have a multilayer struc-
ture. A material and structure of the buffer layer 5 may
be determined in consideration of a material of the sub-
strate SUB and the semiconductor material used to form
the first semiconductor region 11.
[0056] The first semiconductor region 11 may be a
semiconductor layer doped with a dopant of a first con-
ductivity type. The first conductivity type may be n type.
The first semiconductor region 11 may include a Group
III-V compound semiconductor. The first semiconductor
region 11 may include at least one element of boron (B),
aluminum (Al), gallium (Ga), or indium (In) as a Group III
element, and include a nitride semiconductor containing
a nitrogen element as a Group V element. The first sem-
iconductor region 11 may include n-type GaN.
[0057] The mask layer 13 is formed on the first semi-
conductor region 11. The mask layer 13 may include an
insulating material that limits and/or suppresses growth
of a semiconductor, and may include, for example, var-
ious types of oxides and nitrides. The mask layer 13 may
include SiO2 or SiNx.
[0058] The mask layer 13 is spaced apart from the sub-
strate SUB in a first direction (a Z-axis direction) and cov-
ers part of a surface of the first semiconductor region 11
to form a PN-junction structure on the first semiconductor
region 11 in a second direction different from the first
direction. The second direction may be an X-axis direc-
tion. A semiconductor structure may be formed in a de-
sired shape by growing a semiconductor on a region of
the surface of the first semiconductor region 11, which
is not covered with the mask layer 13, and growing a
semiconductor on the mask layer 13. Two mask layers
13 are illustrated, but this is only an example, and the
number of mask layers 13 may be one or more than two.
[0059] The second semiconductor region 14 may be
on the mask layer 13. The second semiconductor region
14 may be a semiconductor layer doped with a dopant
of the second conductivity type. The second conductivity
type may be p type. The second semiconductor region
14 may include a Group III-V compound semiconductor.
The second semiconductor region 14 may include at
least one element of boron (B), aluminum (Al), gallium
(Ga), or indium (In) as a Group III element, and include

a nitride semiconductor containing a nitrogen element as
a Group V element. The second semiconductor region
14 may include p-type GaN.
[0060] The third semiconductor region 12 is on the first
semiconductor region 11. Like the first semiconductor
region 11, the third semiconductor region 12 may be a
semiconductor layer doped with a dopant of a first con-
ductivity type. The first conductivity type may be n type.
The third semiconductor region 12 may include a semi-
conductor having the same composition as the first sem-
iconductor region 11. The third semiconductor region 12
may include a Group III-V compound semiconductor. The
third semiconductor region 12 may include at least one
element of boron (B), aluminum (Al), gallium (Ga), or in-
dium (In) as a Group III element, and include a nitride
semiconductor containing a nitrogen element as a Group
V element. The third semiconductor region 12 may in-
clude n-type GaN.
[0061] As shown in the drawing, the third semiconduc-
tor region 12 may have a shape extending in the first
direction (the Z-axis direction) from a region of the surface
of the first semiconductor region 11, which is not covered
with the at least one mask layer 13, toward an upper
region of the mask layer 13. This is because a semicon-
ductor is grown not only in the first direction, which is a
growth direction, but also in the second direction parallel
to the first direction when the semiconductor is grown
from the region of the surface of the first semiconductor
region 11 not covered with the at least one mask layer
13. Thus, a boundary surface BS is provided obliquely
on the mask layer 13 and becomes a PN-junction surface.
However, the shape of the boundary surface BS shown
is only an example and may be more gently or steeply
inclined with respect to the mask layer 13.
[0062] A thickness t2 of the third semiconductor region
12 may be greater than a thickness t1 of the first semi-
conductor region 11. The thickness difference is set to
further increase an effect of increasing withstanding volt-
age due to the above-described PN-junction surface
when the semiconductor structure 100 is employed, for
example, in a vertical transistor, as will be described with
reference to FIGS. 2, 3A and 3B below.
[0063] The semiconductor structure 100 may further
include a high-concentration layer 10 provided between
the substrate SUB and the first semiconductor region 11
and more heavily doped than the first semiconductor re-
gion 11. The high-concentration layer 10 may include a
semiconductor doped with the dopant of the first conduc-
tivity type, similar to the first semiconductor region 11.
The high-concentration layer 10 may be formed in direct
contact with the first semiconductor region 11. The high-
concentration layer 10 may include GaN.
[0064] The semiconductor structure 100 is applicable
to various types of electronic devices and may be proc-
essed in various shapes. For example, the semiconduc-
tor structure 100 may be available as an electrode when
a material of the substrate SUB is a metal, and the sub-
strate SUB may be removed from the semiconductor
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structure 100 and an electrode may be formed on a lower
surface of the high-concentration layer 10 when the ma-
terial of the substrate SUB is a non-metal. In addition,
the second semiconductor region 14 is illustrated as hav-
ing a shape such that semiconductor materials applied
onto the two mask layers 13 spaced apart from each
other are merged together in an upward direction. How-
ever, the shape is just an example and the shape may
be varied according to shapes of gate electrode and
source electrode to be formed on the second semicon-
ductor region 14.
[0065] Embodiments of various electronic devices us-
ing the above-described structure will be described be-
low.
[0066] FIG. 2 is a schematic cross-sectional view illus-
trating a structure of a transistor according to an embod-
iment. FIGS. 3A and 3B are diagrams comparing a
change in a depletion region when the transistor of FIG.
2 is turned on and when the transistor is turned off.
[0067] A transistor 101 according to an embodiment is
a field-effect transistor, and may be a high power tran-
sistor applicable as a power switching element, particu-
larly, a high-power metal oxide semiconductor field-effect
transistor (MOSFET). In one embodiment, the transistor
101 employs a structure in which a PN-junction structure
is formed in a direction perpendicular to a direction in
which a source electrode S and a drain electrode D are
spaced apart from each other so as to secure withstand-
ing voltage characteristics to withstand high voltages
while lowering an on-resistance Ron.
[0068] The structure of the transistor 101 will be de-
scribed in detail below.
[0069] The transistor 101 includes the drain electrode
D, at least one mask layer 130 disposed apart from the
drain electrode D in a first direction (a Z-axis direction, a
first drift region 121 of a first conductivity type between
the drain electrode D and the mask layer 130, a channel
region 141 of a second conductivity type on the mask
layer 130, a second drift region 122 provided on the first
drift region 121 to be adjacent to the channel region 141,
the source electrode S on the channel region 141, and
a gate electrode G on the second drift region 122.
[0070] In addition, a drain region 110 doped with a do-
pant of a first conductivity type in a high concentration
may be further provided between the drain electrode D
and the first drift region 121, and a source region 160
doped with a dopant of a first conductivity type in a high
concentration may be further provided between the
source electrode S and the channel region 141.
[0071] The first drift region 121 may include a Group
III-V compound semiconductor doped with a dopant of a
first conductivity type. The first drift region 121 may in-
clude, for example, n (-) GaN or n (-) AIGaN. For example,
silicon (Si) may be used as the n-type dopant.
[0072] A doping concentration and thickness of the first
drift region 121 are major factors in terms of the on-re-
sistance Ron and withstand voltage performance of the
transistor 101. In order to increase the withstand voltage

performance, the thickness of the first drift region 121
may be increased and the doping concentration thereof
may be reduced. However, generally, manufacturing the
first drift region 121 to a large thickness is limited due to
defects or the like occurring in a process of forming a
nitride semiconductor on a heterogeneous substrate. In
addition, a reduction in the doping concentration of the
first drift region 121 results in an increase in the on-re-
sistance Ron and thus the doping concentration may be
set in consideration of the on-resistance Ron and the
withstand voltage performance.
[0073] The at least one mask layer 130 is formed on
the first drift region 121. The at least one mask layer 130
may include an insulating material that limits and/or sup-
presses growth of a semiconductor, and may include, for
example, various types of oxides and nitrides. The at
least one mask layer 130 may include SiO2 or SiNx.
[0074] The at least one mask layer 130 is spaced apart
from a substrate SUB in a first direction (a Z-axis direc-
tion) and covers part of a surface of the first drift region
121 to form a PN- junction structure on the first drift region
121 in a second direction different from the first direction.
The second direction may be an X-axis direction. A sem-
iconductor structure may be formed in a desired shape
by growing a semiconductor from a region of the surface
of the first drift region 121, which is not covered with the
mask layer 130, and growing a semiconductor on the
mask layer 130. Two mask layers 130 are illustrated, but
this is only an example, and the number of mask layers
130 may be one or more than two.
[0075] The channel region 141 is on the at least one
mask layer 130. The channel region 141 may include a
Group III-V compound semiconductor doped with a do-
pant of a second conductivity type. The channel region
141 may include, for example, p-type GaN. Alternatively,
the channel region 141 may include p-type AIGaN,
BAIGaN, BAlInGaN, InGaN, or BlnGaN. For example,
magnesium Mg may be used as a p type dopant.
[0076] The second drift region 122 is on the first drift
region 121. The second drift region 122 forms a drift re-
gion 120, together with the first drift region 121. The sec-
ond drift region 122 may include a Group III-V compound
semiconductor doped with a dopant of a first conductivity
type, similar to the first drift region 121. The second drift
region 122 may include a semiconductor having the
same composition as the first drift region 121. The second
drift region 122 may include, for example, n-GaN.
[0077] As shown in the drawing, the second drift region
122 may have a shape extending in the first direction (the
Z-axis direction) from a region of the surface of the first
drift region 121 not covered with the mask layer 130 to-
ward an upper region of the mask layer 13. This is be-
cause a semiconductor is grown not only in the first di-
rection which is a growth direction but also in the second
direction parallel to the first direction when the semicon-
ductor is grown from the region of the surface of the first
drift region 121 not covered with the mask layer 13. Thus,
a boundary surface BS is provided obliquely on the mask
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layer 130 and becomes a PN-junction surface. However,
the shape of the boundary surface BS shown is only an
example and may be more gently or steeply inclined with
respect to the mask layer 130.
[0078] As described above, the channel region 141
and the second drift region 122 form a PN-junction struc-
ture in an X-axis direction through growth of a semicon-
ductor utilizing the mask layer 130. As illustrated in FIGS.
3A and 3B, the PN junction structure in a horizontal di-
rection may form depletion regions 190 and 195 to im-
prove withstand voltage performance. This will be de-
scribed later.
[0079] The source electrode S is on the channel region
141 and may be formed to be in direct contact with the
channel region 141. The source electrode S may have a
shape in which one end region thereof passes through
the source region 160 to be in direct contact with the
channel region 141. As illustrated in the drawing, the
source electrode S may have a shape in which one end
region thereof passes through the source region 160 to
extend to the inside of the channel region 141.
[0080] The gate electrode G is disposed on the second
drift region 122 adjacent to the channel region 141. A
gate insulating film 180 surrounding the gate electrode
G may be further provided to insulate the gate electrode
G from the channel region 141 and the second drift region
122.
[0081] The source region 160 between the channel re-
gion 141 and the source electrode S may include a sem-
iconductor doped with a dopant of a first conductivity type.
The source region 160 may be more heavily doped than
the channel region 141. The source region 160 may in-
clude n (+) GaN, n (+) AIGaN, n (+) BAIGaN, n (+) BAl-
InGaN, n (+) InGaN, or n (+) BlnGaN.
[0082] The drain region 110 between the drain elec-
trode D and the first drift region 121 may include a sem-
iconductor doped with a dopant of a first conductivity type.
The drain region 110 may be formed in direct contact
with the first drift region 121. The drain region 110 may
be more heavily doped than the first drift region 121. The
drain region 110 may include n (+) GaN or n (+) AIGaN.
[0083] The gate electrode G, the drain electrode D,
and the source electrode S may be formed of a conduc-
tive material. For example, materials of the gate electrode
G, the drain electrode D, and the source electrode S may
include a metal, an alloy, a conductive metal oxide, or a
conductive metal nitride.
[0084] The gate electrode G may be formed by forming
a trench by vertically penetrating the source region 160
and the channel region 141 by etching to expose part of
the second drift region 122 to the outside, forming the
gate insulating film 180 on a bottom surface and inner
walls of the trench, and filling the inside of the trench with
a conductive material. Therefore, both sides of the gate
electrode G may face a side of the source region 160
and a side of the channel region 141. In addition, a lower
surface of the gate insulating film 180 may be in contact
with the second drift region 122, and a portion of a lateral

side thereof may be also in contact with the second drift
region 122. The gate insulating film 180 may be formed
of silicon nitride (SiN), silicon oxide (SiO2), silicon oxyni-
tride (SiON), aluminum nitride (AIN), aluminum oxide
(Al2O3), aluminum oxynitride (AION), tantalum oxide
((HfO2), hafnium oxide (HfO2) or other various high-K
dielectric materials.
[0085] In order to allow current to flow between the
source region 160 and the drain region 110 when a volt-
age is applied to the gate electrode G, the drain region
110, the first drift region 121, the second drift region 122
and the source region 160 may be doped to have the
same electrical polarity. For example, the drain region
110, the first drift region 121, the second drift region 122
and the source region 160 may all be doped with an n-
type dopant. Among these, the drain region 110 and the
source region 160 may be heavily doped. The drain re-
gion 110 and the source region 160 may be doped as n
(+).
[0086] The first drift region 121 and the second drift
region 122 may be doped as n (-) of lower concentration
than n (+) to have withstanding voltage characteristics to
withstand high voltages. However, as described above,
it should be noted that the on-resistance Ron of the tran-
sistor 101 decreases when doping concentrations of the
first and second drift regions 121 and 122 are lowered.
[0087] In one embodiment, the transistor 101 has a
structure for improvement of withstand voltage perform-
ance, in which a PN-junction structure is formed by the
channel region 141 and the second drift region 122 in a
horizontal direction (an X-axis direction), e.g., a direction
perpendicular to a direction in which the source electrode
S and the drain electrode D are spaced apart from each
other (a Z-axis direction). Thus, the n-type doping con-
centrations of the first drift region 121 and the second
drift region 122 may be higher than a case that a PN-
junction structure is not provided.
[0088] For example, the drain region 110 and the
source region 160 may be doped in a doping concentra-
tion of 1019/cm3 or more, and the first drift region 121
and the second drift region 122 may be doped in a doping
concentration of 1015/cm3 to 1018/cm3.
[0089] A thickness t2 of the second drift region 122
may be greater than a thickness t1 of the first drift region
121. Here, the thickness t2 of the second drift region 122
refers to the distance from an upper surface of the mask
layer 130 to an uppermost end of the boundary surface
BS. Because the first drift region 121 and the second drift
region 122 are major factors of the on-resistance Ron
and withstand voltage performance, the difference be-
tween the thicknesses of the first and second regions
121 and 122 should not be understood to mean that the
greater the thickness t2 of the second drift region 122 is,
the better. It should be understood that a ratio of the thick-
ness t2 of the second drift region 122 to a total thickness
set for the first drift region 121 and the second drift region
122 is higher than a ratio of the thickness t1 of the first
drift region 121 to the total thickness. The thickness t1
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of the first drift region 121 may be reduced and/or mini-
mized within a range suitable for forming the at least one
mask layer 130 and forming a PN-junction structure on
the at least one mask layer 130.
[0090] Unlike in the embodiment, in a case of a tran-
sistor having no PN-junction structure in the horizontal
direction, a doping concentration of a drift region is gen-
erally set not to exceed 1017/cm3, thus increasing an on-
resistance Ron.
[0091] In other words, a transistor of an embodiment
employs a structure for increasing a doping concentration
of a drift region with respect to a given thickness and
withstanding voltage requirements of the drift region,
thereby effectively reducing the on-resistance Ron.
[0092] Referring to FIGS. 3A and 3B, a state in which
a transistor 101 is turned on and a state in which the
transistor 101 is turned off will be described.
[0093] FIG. 3A illustrates a state in which the transistor
101 is turned on, e.g., a state in which a turn-on voltage
is applied to a gate electrode G. A channel path is formed,
including a source electrode S, a channel region 141, a
first drift region 121, a second drift region 122, a drain
region 110, and a drain electrode D.
[0094] According to an arrangement in which the
source electrode S is in direct contact with the channel
region 141, a channel path between the source electrode
S and the drain electrode D is formed such that charge
carriers pass through a p-type region, a pn junction, and
an n-type region.
[0095] FIG. 3B illustrates a state in which the transistor
101 is turned off, e.g., a state in which a voltage lower
than the turn-on voltage is applied to the gate electrode
G. Accordingly, when a voltage of a lower n-type drift
region 120 is increased due to a high voltage of the drain
electrode D, a reverse voltage is applied to the PN junc-
tion. In this case, a depletion region 190 illustrated in FIG.
3A is widened similar to a depletion region 195 of FIG.
3B, and charge carriers may be effectively depleted. Due
to the phenomenon, even when a doping concentration
of the drift region 120 is high, current may be effectively
suppressed under a high voltage.
[0096] In addition, a thickness t2 of the second drift
region 122 in which a depletion region is formed is set to
be greater than a thickness t1 of the first drift region 121,
an effect of limiting and/or suppressing current under a
high voltage may be further improved.
[0097] As described above, withstanding voltage may
be increased due to a horizontal PN junction structure
and thus a doping concentration of the drift region 120
may be increased without lowering withstand voltage per-
formance, thereby lowering an on-resistance Ron.
[0098] The above-described structure of the transistor
101 is a structure called a trench MOSFET, and the con-
cept of an embodiment in which withstanding voltage is
increased and the on-resistance Ron is lowered is appli-
cable to various types of vertical transistors, as well as
the above structure. For example, the transistor 101 is
applicable to transistors such as a high electron mobility

transistor (HEMT), a current-aperture vertical electron
transistor (CAVET), and a Fin-field-effect transistor (Fin
FET).
[0099] FIG. 4 is a schematic cross-sectional view illus-
trating a structure of a transistor according to another
embodiment.
[0100] A transistor 102 according to the present em-
bodiment is, for example, a high electron mobility tran-
sistor (HEMT), and is different from the above-described
transistor 101 mainly in that a two-dimensional electron
gas (2DEG) induction layer 165 is provided.
[0101] The transistor 102 includes a drain electrode D,
at least one mask layer 130 disposed apart from the drain
electrode D in a first direction (a Z-axis direction, a first
drift region 121 of a first conductivity type between the
drain electrode D and the at least one mask layer 130, a
channel region 142 of a second conductivity type on the
at least one mask layer 130, a second drift region 122
provided on the first drift region 121 to be adjacent to the
channel region 142, a source electrode S on the channel
region 142, and a gate electrode G on the second drift
region 122. A drain region 110 doped with a dopant of a
first conductivity type in a high concentration may be fur-
ther provided between the drain electrode D and the first
drift region 121.
[0102] On the second drift region 122, there is provided
the 2DEG induction layer 165 formed of a semiconductor
material having a different composition than that of a
semiconductor material of the second drift region 122
and inducing a 2DEG layer to the second drift region 122.
The 2DEG induction layer 165 may be formed to be in
contact with the second drift region 122, and a source
electrode S and a drain electrode D are on the 2DEG
induction layer 165.
[0103] One end region of the source electrode S may
pass through the 2DEG induction layer 165 to be in di-
rectly contact with the channel region 141. As illustrated
in the drawing, the source electrode S may have a shape
in which one end region thereof passes through the
2DEG induction layer 165 to extend to the inside of the
channel region 141.
[0104] The 2DEG induction layer 165 is on the second
drift region 122 and is formed of a material capable of
inducing a 2DEG layer into the second drift region 122.
The 2DEG induction layer 165 may include a Group III-
V semiconductor. For example, the 2DEG induction layer
165 may include AIGaN, AlInN, or the like. AIGaN, AlInN,
and the like have higher polarizability than that of the
second drift region 122 and thus may induce a 2DEG
layer into the second drift region 122. When the second
drift region 122 is a GaN layer, the 2DEG induction layer
165 may be an AIGaN layer or an AlInN layer. When the
second drift region 122 is an InN layer, the 2DEG induc-
tion layer 165 may be an AlInN layer. The 2DEG induction
layer 165 may be a layer doped with n-type impurities.
The 2DEG induction layer 165 may have a multilayer
structure including a plurality of different material layers.
The 2DEG induction layer 165 may be formed of various

13 14 



EP 3 826 071 A1

9

5

10

15

20

25

30

35

40

45

50

55

other materials, as well as the above examples.
[0105] The 2DEG layer formed in the second drift re-
gion 122 by the 2DEG induction layer 165 may have a
high electron concentration.
[0106] In the transistor 102 of FIG. 4, a concept that a
PN junction structure is formed in the horizontal direction
by the channel region 142 and the second drift region
122 is applied to a basic structure of a high electron mo-
bility transistor (HEMT) used as a power device, and this
structure may be modified in various ways. For example,
a gate insulating layer 180 (as depicted in FIG. 21) and/or
a depletion layer (a p-type semiconductor layer such as
p-type GaN but limited thereto, as depicted in FIG. 22)
may be further provided between the gate electrode G
and the 2DEG induction layer 165. In addition, a recessed
region (not shown) may be formed by recessing a portion
of the 2DEG induction layer 165 in which the gate elec-
trode G is to be formed to a certain depth and thereafter
the gate electrode G may be formed in the recess region.
In this case, characteristics of the 2DEG layer corre-
sponding to the recessed region may change and char-
acteristics of the HEMT may be adjusted. In addition,
various modifications may be made within a range in
which the source electrode S and the drain electrode D
are arranged vertically.
[0107] FIG. 5 is a schematic cross-sectional view illus-
trating a structure of a transistor according to another
embodiment.
[0108] A transistor 104 of the present embodiment is
different from the above-described transistors 101 and
102 in that it has a Fin-FET structure.
[0109] The transistor 104 includes a drain electrode D,
at least one mask layer 130 disposed apart from the drain
electrode D in a first direction (a Z-axis direction, a first
drift region 121 of a first conductivity type between the
drain electrode D and the at least one mask layer 130, a
channel region 144 of a second conductivity type on the
at least one mask layer 130, a second drift region 122
provided on the first drift region 121 to be adjacent to the
channel region 144, a source electrode S on the channel
region 144, and a gate electrode G on the second drift
region 122. In addition, a drain region 110 doped with a
dopant of a first conductivity type in a high concentration
may be further provided between the drain electrode D
and the first drift region 121, and a source region 160
doped with a dopant of a first conductivity type in a high
concentration may be further provided between the
source electrode S an the channel region 144.
[0110] The source electrode S may be formed in direct
contact with the channel region 144 and have a shape
passing through the source region 160 to extend into the
inside of the channel region 144 as shown in the drawing.
The source electrode S and the gate electrode G are
repeatedly and alternately stacked in a fin form.
[0111] FIGS. 6 to 14 are diagrams illustrating a method
of manufacturing a transistor according to an embodi-
ment.
[0112] Referring to FIG. 6, a first drift region 121 is

formed on a substrate SUB. Before forming the first drift
region 121, a high-concentration drain region 110 may
be formed. To form the drain region 110, first, a buffer
layer 105 may be formed on the substrate SUB. The first
drift region 121 may be formed in direct contact with the
drain region 110.
[0113] A sapphire (Al2O3) substrate, a silicon (Si) sub-
strate, a silicon carbide (SiC) substrate, a metal sub-
strate, a GaN substrate, or the like may be used as the
substrate SUB. When the substrate SUB is formed of a
metal material, the substrate SUB may be used as a drain
electrode. In other cases, the substrate SUB may be re-
moved and a drain electrode may be formed below the
drain region 110.
[0114] The buffer layer 105 is employed to mitigate the
occurrence of defects, cracks, stress, etc. due to a lattice
constant mismatch or a thermal expansion coefficient
mismatch between semiconductor materials of the sub-
strate SUB and the drain region 110 and to obtain a high-
quality semiconductor layer. The buffer layer 105 is illus-
trated as a single layer but is not limited thereto and may
have a multilayer structure. A material and structure of
the buffer layer 105 may be determined in consideration
of a material of the substrate SUB and the semiconductor
material used to form the drain region 110.
[0115] The drain region 110 and the first drift region
121 include a semiconductor material doped with a do-
pant of a first conductivity type. The drain region 110 and
the first drift region 121 may include a Group III-V com-
pound semiconductor and be grown by an epitaxial
growth process. The epitaxial growth process may in-
clude a metal organic chemical vapor deposition process,
a liquid phase epitaxy process, a hydride vapor phase
epitaxy process, a molecular beam epitaxy process, or
a metal organic vapor phase epitaxy growth process. Sil-
icon (Si) may be used as the dopant of the first conduc-
tivity type.
[0116] The drain region 110 may be more heavily
doped than the first drift region 121. The drain region 110
may be doped at a doping concentration of 11019/cm3 or
more. The first drift region 121 may be doped at a doping
concentration of 1015/cm3 to 1018/cm3. The first drift re-
gion 121 may be doped at a doping concentration of
1017/cm3 to 1018/cm3.
[0117] Referring to FIG. 7, a mask layer 130 is formed
on the first drift region 121. One or more mask layers 130
may be formed to cover a portion of a surface of the first
drift region 121. The mask layer 130 may include an in-
sulating material that limits and/or suppresses growth of
a semiconductor, and may include, for example, various
types of oxides and nitrides. The at least one mask layer
130 may include SiO2, SiNx or Al2O3 The mask layer 130
may be formed by a chemical vapor deposition (CVD)
process, a physical vapor deposition (PVD) process, or
an atomic layer deposition (ALD) process.
[0118] Next, referring to FIG. 8, a second drift region
122 is formed by growing a semiconductor on a region
of a surface of the first drift region 121 not covered with
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the mask layer 130. The second drift region 122 is on the
first drift region 121. The second drift region 122 may
include a semiconductor having the same composition
as that of the first drift region 121 and may be grown by
one of the various epitaxial growth methods described
above.
[0119] As illustrated in the drawing, the second drift
region 122 is vertically grown from the region of the sur-
face of the first drift region 121 not covered with the mask
layer 130 and also grown horizontally toward an upper
region of the mask layer 130. Accordingly, the second
drift region 122 may be formed on the mask layer 130 to
have a shape with an oblique boundary surface BS. The
boundary surface BS may be a PN-junction surface.
[0120] Referring to FIG. 9, a channel material layer 140
for a channel region is formed on the mask layer 130.
The channel material layer 140 may be formed by grow-
ing a semiconductor from the second drift region 122.
The channel material layer 140 may be formed to cover
an entire region of the surface of the mask layer 130 not
covered with the first drift region 121.
[0121] The channel material layer 140 may include a
semiconductor doped with a dopant of a second conduc-
tivity type. The channel material layer 140 may be formed
by one of the various epitaxial growth methods described
above. Magnesium (Mg) may be used as the dopant of
the second conductivity type.
[0122] Referring to FIG. 10, a source region layer 161
is formed on the channel material layer 140. The source
region layer 161 may include a semiconductor doped with
the dopant of the first conductivity type at a high concen-
tration. The doping concentration may be 1019/cm3 or
more.
[0123] Referring to FIG. 11, the source region layer
161 and the channel material layer 140 are etched in a
certain pattern to form a plurality of trenches to a certain
depth, and a source region 160 and a channel region 141
are formed. A trench H1 is formed to form a gate elec-
trode, and is formed to a depth sufficient to pass through
the source region 160 and the channel region 141 and
expose a surface of the second drift region 122. A trench
H2 is formed to form a source electrode, and is formed
to a depth sufficient to pass through the source region
160 and expose a surface of the channel region 141. The
trench H2 may be formed to a certain depth into the chan-
nel region 141 but is not limited thereto, and the depth
of the trench H2 may fall within a range in which the
source electrode formed therein may be in direct contact
with the channel region 141.
[0124] Next, referring to FIG. 12, a gate insulating film
180 is formed on an inner surface of the trench H1. The
gate insulating film 180 is to insulate the gate electrode
from the channel region 141 and the source region 160.
The gate insulating film 180 may be formed of silicon
nitride (SiN), silicon oxide (SiO2), silicon oxynitride
(SiON), aluminum nitride (AIN), aluminum oxide (Al2O3),
aluminum oxynitride (AION), tantalum oxide ((HfO2), haf-
nium oxide (HfO2) or other various high-K dielectric ma-

terials. The mask layer 130 may be formed by a chemical
vapor deposition (CVD) process, a physical vapor dep-
osition (PVD) process, or an atomic layer deposition
(ALD) process.
[0125] Referring to FIG. 13, an electrode material is
applied into the trench H1 and the trench H2 to form a
source electrode S and a gate electrode G. The source
electrode S and the gate electrode G may be formed of
a metal, an alloy, a conductive metal oxide, or a conduc-
tive metal nitride.
[0126] Referring to FIG. 14, the substrate SUB and the
buffer layer 105 are removed, and a drain electrode D is
formed on a lower surface of the drain region 110.
[0127] The substrate SUB and the buffer layer 105 may
be removed by, for example, a laser lift-off method.
[0128] According to the above process, a transistor
having a trench MOSFET structure as illustrated in FIG.
2 may be manufactured.
[0129] FIGS. 15 to 20 are diagrams illustrating a meth-
od of manufacturing a transistor according to another em-
bodiment.
[0130] The method of manufacturing a transistor ac-
cording to the present embodiment may be substantially
the same as, for example, the method of manufacturing
a transistor of FIG. 4.
[0131] A structure of FIG. 15 may be obtained by add-
ing an etching and/or a planarization process to a struc-
ture manufactured according to the operation of FIGS. 6
to 9. That is, a channel region 142 may be formed by
etching an upper portion of the channel layer 140 of the
structure of FIG. 9.
[0132] Next, referring to FIG. 16, a second drift region
122 is additionally grown on the channel region 142 to
cover an upper portion of the channel region 142.
[0133] Referring to FIG. 17, a 2DEG induction layer
165 is formed on the second drift region 122.
[0134] Referring to FIG. 18, a trench H is formed pass
through the 2DEG induction layer 165 and the second
drift region 122. The trench H is for forming a source
electrode, and a depth of the trench H may extend to a
certain depth inside the channel region 142, as shown in
the drawing. However, the trench H is not limited thereto
and may be formed to various depths to cause the source
electrode formed in the trench H to be in direct contact
with the channel region 142.
[0135] Referring to FIG. 19, a source electrode S and
a gate electrode G are formed on the 2DEG induction
layer 165. The source electrode S may be formed to pass
through the 2DEG induction layer 165 to be in direct con-
tact with the channel region 142.
[0136] Referring to FIG. 20, a substrate SUB and a
buffer layer 105 are removed and a drain electrode D is
formed on a lower surface of the drain region 110 to man-
ufacture a transistor having the structure illustrated in
FIG. 4.
[0137] The semiconductor structure, the transistors
using the same, and the method of manufacturing a tran-
sistor described above have been described above with
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reference to the embodiments illustrated in the drawings
but are only examples and it will be understood by those
of ordinary skill in the art that various modifications and
equivalent embodiments may be made. While many mat-
ters have been described above in detail, they should be
construed as illustrative of certain embodiments rather
than limiting the scope of the present disclosure.
[0138] The transistors described above are vertical
transistors with a horizontal PN-junction structure and
are capable of effectively lowering an on-resistance Ron
thereof while increasing withstanding voltage.
[0139] The above-described transistors are thus appli-
cable to various types of high power devices and elec-
tronic devices including the same.
[0140] FIG. 23 is a schematic of an electronic device
according to another embodiment.
[0141] As shown, the electronic device 2300 includes
one or more electronic device components, including a
processor (e.g., processing circuitry) 2320 and a memory
2330 that are communicatively coupled together via a
bus 2310.
[0142] The processing circuitry 2320, may be included
in, may include, and/or may be implemented by one or
more instances of processing circuitry such as hardware
including logic circuits, a hardware/software combination
such as a processor executing software; or a combination
thereof. For example, the processing circuitry 2320 may
include, but is not limited to, a central processing unit
(CPU), an application processor (AP), an arithmetic logic
unit (ALU), a graphic processing unit (GPU), a digital sig-
nal processor, a microcomputer, a field programmable
gate array (FPGA), a System-on-Chip (SoC) a program-
mable logic unit, a microprocessor, or an application-spe-
cific integrated circuit (ASIC), etc. In some example em-
bodiments, the memory 2330 may include a non-transi-
tory computer readable storage device, for example a
solid state drive (SSD), storing a program of instructions,
and the processing circuitry 2320 may be configured to
execute the program of instructions to implement the
functionality of the electronic device 2300.
[0143] In some example embodiments, the electronic
device 2300 may include one or more additional compo-
nents 2340, coupled to bus 2310, which may include, for
example, a power supply, a light sensor, a light-emitting
device, any combination thereof, or the like. In some ex-
ample embodiments, one or more of the processing cir-
cuitry 2320, memory 2330, or one or more additional
components 2340 may include any semiconductor struc-
ture or transistor according to any of the example em-
bodiments described herein, such as the semiconductor
structure 100 in FIG. 1 or the transistors 101 to 107 de-
scribed above in FIGS. 2, 4-6, and 21-22, such that the
one or more of the processing circuitry 2320, memory
2330, or one or more additional components 2340, and
thus, the electronic device 2300, may have a power de-
vice capable of capable of effectively lowering an on-
resistance Ron thereof while increasing withstanding
voltage, and thus providing an electronic device 2300

having improved electrical characteristics and thus im-
proved performance and/or reliability.
[0144] It should be understood that embodiments de-
scribed herein should be considered in a descriptive
sense only and not for purposes of limitation. Descrip-
tions of features or aspects within each embodiment
should typically be considered as available for other sim-
ilar features or aspects in other embodiments. While one
or more embodiments have been described with refer-
ence to the figures, it will be understood by those of or-
dinary skill in the art that various changes in form and
details may be made therein without departing from the
scope as defined by the following claims.

Claims

1. A semiconductor structure comprising:

a substrate;
at least one mask layer spaced apart from the
substrate in a first direction;
a first semiconductor region of a first conductivity
type between the substrate and the at least one
mask layer;
a second semiconductor region of a second con-
ductivity type disposed on the at least one mask
layer; and
a third semiconductor region of the first conduc-
tivity type on the first semiconductor region, the
third semiconductor region contacting the sec-
ond semiconductor region to form a PN-junction
structure in a second direction different from the
first direction.

2. The semiconductor structure of claim 1, wherein the
third semiconductor region extends in the first direc-
tion from a region of a surface of the first semicon-
ductor region not covered with the at least one mask
layer toward an upper region of the at least one mask
layer.

3. The semiconductor structure of claim 1 or 2, wherein
the second semiconductor region contacts the at
least one mask layer.

4. The semiconductor structure of any preceding claim,
wherein the at least one mask layer includes an in-
sulating material and is configured to suppress
growth of a semiconductor.

5. The semiconductor structure of any preceding claim,
further comprising:

a high-concentration layer between the sub-
strate and the first semiconductor region, where-
in
the high-concentration layer is doped more
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heavily than the first semiconductor region.

6. The semiconductor structure of any preceding claim,
wherein
the first semiconductor region, the second semicon-
ductor region, and the third semiconductor region
includes a Group III-V compound semiconductor,
and
the Group III-V compound semiconductor includes
at least one element of boron (B), aluminum (Al),
gallium (Ga), or indium (In) as a Group III, element,
and
the Group III-V compound semiconductor includes
nitrogen as a Group V element.

7. The semiconductor structure of any preceding claim,
wherein the first semiconductor region and the third
semiconductor region include a compound semicon-
ductor and have a same composition.

8. A transistor comprising:

a semiconductor structure according to any pre-
ceding claim,
wherein the substrate comprises a drain elec-
trode,
wherein the first semiconductor region compris-
es a first drift region,
wherein the second semiconductor region com-
prises a channel region of a second conductivity
type on the at least one mask layer,
wherein the second semiconductor region com-
prises a second drift region on the first drift re-
gion;
a source electrode on the channel region; and
a gate electrode on the second drift region, and
optionally wherein the channel region extends
in the first direction toward an upper region of
the at least one mask layer, from a region of a
surface of the first drift region not covered by the
at least one mask layer, and further optionally
wherein the channel region contacts the at least
one mask layer.

9. The transistor of claim 8, wherein the source elec-
trode directly contacts the channel region.

10. The transistor of claim 8 or 9, further comprising:

a source region provided the channel region and
the source electrode, wherein
the source region is doped with a dopant of a
first conductivity type at a high concentration,
and optionally wherein the source electrode has
a shape in which one end region thereof passes
through the source region and directly contacts
the channel region, and further optionally where-
in the source electrode has a shape in which

one end region thereof passes through the
source region and extends into the channel re-
gion.

11. The transistor of any of claims 8 to 10, further com-
prising:

a gate insulating film surrounding the gate elec-
trode to insulate the gate electrode from the
channel region and the second drift region,
wherein
the gate electrode is adjacent to the channel re-
gion and the second drift region.

12. The transistor of any of claims 8 to 11, further com-
prising:

a two-dimensional electron gas (2DEG) induc-
tion layer configured to induce a two-dimension-
al electron gas layer in the second drift region,
the 2DEG induction layer being provided be-
tween the second drift region and the source
electrode, and
the 2DEG induction layer being formed of a sem-
iconductor material of a composition different
from that of a semiconductor material of the sec-
ond drift region , and optionally wherein the
source electrode has a shape in which one end
region thereof passes through the 2DEG induc-
tion layer and directly contacts the channel re-
gion, and further optionally wherein the source
electrode has a shape in which one end region
thereof passes through the 2DEG induction lay-
er to extend into the channel region.

13. The transistor of any of claims 8 to 12, wherein a
thickness of the second drift region is greater than a
thickness of the first drift region.

14. A method of manufacturing a transistor, the method
comprising:

forming a first drift region of a first conductivity
type on a substrate;
forming at least one mask layer on the first drift
region;
forming a second drift region by growing a sem-
iconductor from a region of a surface of the first
drift region not covered by the at least one mask
layer;
forming a channel region of a second conduc-
tivity type on the at least one mask layer;
forming a source electrode on the channel re-
gion;
forming a gate electrode on the second drift re-
gion; and
forming a drain electrode below the first drift re-
gion.
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15. The method of claim 14, further comprising,
before forming the first drift region on the substrate,
forming a drain region doped with a dopant of the
first conductivity type dopant at a high concentration
on the substrate.
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