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(57) ABSTRACT

A high electron mobility transistor includes a growth sub-
strate, a lattice matching layer, an back-barrier layer, an
electron blocking layer, a channel layer, an active layer, a
source, a gate, and a drain. The lattice matching layer and the
back-barrier layer are formed on the growth substrate. The
back-barrier layer includes GaN doped with C. The electron
blocking layer is formed on the back-barrier layer. The
electron blocking layer includes AlGaN, wherein the doping
percent of Al atoms of the AlGaN is 3~5% and the doping
percent of Ga atoms of the AlGaN is 95~97%. The electron
blocking layer has a thickness of 2~5 nm. The channel layer
and the active layer are formed on the electron blocking
layer. The source, the gate, and the drain are formed on the
active layer.
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HIGH ELECTRON MOBILITY TRANSISTOR

[0001] This application claims priority of Application No.
111139820 filed in Taiwan on 20 Oct. 2022 under 35 U.S.C.
§ 119; the entire contents of all of which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a transistor, par-
ticularly to a high electron mobility transistor.

Description of the Related Art

[0003] In the epitaxial technology, the main advantages of
the back-barrier layer made of GaN doped with C (GaN:C)
include an increased breakdown voltage and a low cost (no
additional reactant elements are required). GaN:C is a
P-type. Defects will be formed between the energy bands,
and the energy level will increase with the doping percent
(because the Fermi level moves down), so as to form a
barrier layer and increase the overall breakdown voltage of
the device. However, due to the increase of the defect
density, the GaN:C barrier layer will trap current during the
operation of the device, which will increase the dynamic
resistance of the device. The effect of trapping electrons of
the device will increase with the increase of operating
frequency and voltage. As a result, general high-frequency
components do not include back-barrier layers made of
GaN:C.

[0004] Most of the current GaN epitaxial structures are
doped with carbon atoms to increase the voltage withstand
characteristics of the device, thereby meeting the require-
ments of applications of high-power components. For
example, high-power components require 200, 600 or 1200
volts. However, with the development of the application of
GaN-based components, the demand for high-frequency
applications of AlGaN/GaN high electron mobility transis-
tors has gradually increased. Most of present products form
GaN layers on SiC substrates, wherein buffer layers are
doped with Fe. Thus, the price has remained high. This is
because the SiC substrate is expensive and the SiC substrate
needs the epitaxial process. In addition, iron ions have a
diffusion length of about 1 micrometer, which is not suitable
for fabricating components.

[0005] To overcome the abovementioned problems, the
present invention provides a high electron mobility transis-
tor, so as to solve the afore-mentioned problems of the prior
art.

SUMMARY OF THE INVENTION

[0006] The present invention provides a high electron
mobility transistor, which prevents a back-barrier layer from
trapping a horizontal current and improves the characteris-
tics of a two-dimensional electron gas.

[0007] In an embodiment of the present invention, a high
electron mobility transistor includes a growth substrate, a
lattice matching layer, a back-barrier layer, an electron
blocking layer, a channel layer, an active layer, a source, a
gate, and a drain. The lattice matching layer is formed on the
growth substrate. The back-barrier layer, formed on the
lattice matching layer, includes GaN doped with C, an AIN
and GaN supperlattice doped with C, or an AIN and AlGaN
superlattice doped with C. The electron blocking layer is
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formed on the back-barrier layer. The electron blocking
layer includes AlGaN. The Al atoms of the AlGaN have a
doping percent of 3~5%, the Ga atoms of the AlGaN have
a doping percent of 95~97%, and the electron blocking layer
has a thickness of 2~5 nm. The channel layer is formed on
the electron blocking layer. The active layer is formed on the
channel layer. The source, the gate, and the drain are formed
on the active layer, wherein the gate is located between the
source and the drain.

[0008] In an embodiment of the present invention, the
growth substrate comprises Si, GaN, SiC, or sapphire.

[0009] In an embodiment of the present invention, the
lattice matching layer comprises AlGaN or ATN.

[0010] In an embodiment of the present invention, the
channel layer comprises GaN.

[0011] In an embodiment of the present invention, the
active layer comprises AlGaN.

[0012] In an embodiment of the present invention, the
high electron mobility transistor further includes a protec-
tion layer formed on the active layer. The source, the gate,
and the drain are formed on the protection layer.

[0013] In an embodiment of the present invention, the
protection layer comprises GaN.

[0014] In an embodiment of the present invention, the
high electron mobility transistor further includes an insula-
tion layer formed on the protection layer. The insulation
layer covers the side walls of the source, the gate, and the
drain.

[0015] In an embodiment of the present invention, the
high electron mobility transistor further includes a superla-
ttice layer formed between the lattice matching layer and the
back-barrier layer.

[0016] In an embodiment of the present invention, the
superlattice layer includes AIN or GaN, wherein the GaN is
replaced with AlGaN.

[0017] To sum up, the high electron mobility transistor
includes the back-barrier layer made of GaN doped with C
and employs the electron blocking layer to prevent the
back-barrier layer from trapping a horizontal current and
improve the characteristics of a two-dimensional electron
gas.

[0018] Below, the embodiments are described in detail in
cooperation with the drawings to make easily understood the
technical contents, characteristics and accomplishments of
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a cross-sectional view of a high electron
mobility transistor according to an embodiment of the
present invention;

[0020] FIG. 2 is a diagram illustrating curves of the depth,
the concentration of C atoms, the intensity of Al atoms, and
the intensity of Ga atoms of a high electron mobility
transistor according to an embodiment of the present inven-
tion; and

[0021] FIG. 3 is a diagram illustrating curves of the input
power, the output power, the gain, and the power added
efficiency (PAE) of a high electron mobility transistor
according to an embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0022] Reference will now be made in detail to embodi-
ments illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts. In
the drawings, the shape and thickness may be exaggerated
for clarity and convenience. This description will be directed
in particular to elements forming part of, or cooperating
more directly with, methods and apparatus in accordance
with the present disclosure. It is to be understood that
elements not specifically shown or described may take
various forms well known to those skilled in the art. Many
alternatives and modifications will be apparent to those
skilled in the art, once informed by the present disclosure.
[0023] Certain terms are used throughout the description
and the claims to refer to particular components. One skilled
in the art appreciates that a component may be referred to
using different names. This disclosure does not intend to
distinguish between components that differ in name but not
in function. In the description and in the claims, the term
“comprise” is used in an open-ended fashion, and thus
should be interpreted to mean “include, but not limited to.”
The phrases “be coupled to,” “couples to,” and “coupling to”
are intended to encompass any indirect or direct connection.
Accordingly, if this disclosure mentions that a first device is
coupled with a second device, it means that the first device
may be directly or indirectly connected to the second device
through electrical connections, wireless communications,
optical communications, or other signal connections with/
without other intermediate devices or connection means.
[0024] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment.
Thus, the appearances of the phrases “in one embodiment”
or “in an embodiment” in various places throughout this
specification are not necessarily all referring to the same
embodiment.

[0025] Unless otherwise specified, some conditional sen-
tences or words, such as “can”, “could”, “might”, or “may”,
usually attempt to express what the embodiment in the
present invention has, but it can also be interpreted as a
feature, element, or step that may not be needed. In other
embodiments, these features, elements, or steps may not be
required.

[0026] In the following description, a high electron mobil-
ity transistor will be described, which includes a back-
barrier layer made of GaN doped with C and employs an
electron blocking layer to prevent the back-barrier layer
from trapping a horizontal current and improve the charac-
teristics of a two-dimensional electron gas.

[0027] FIG. 1 is a cross-sectional view of a high electron
mobility transistor according to an embodiment of the
present invention. Referring to FIG. 1, a high electron
mobility transistor 1 includes a growth substrate 10, a lattice
matching layer 11, a superlattice layer 12, a back-barrier
layer 13, an electron blocking layer 14, a channel layer 15,
an active layer 16, a protection layer 17, a source 18, a gate
19, a drain 20, and an insulation layer 21. The growth
substrate 10 may include Si, GaN, SiC, or sapphire. The
lattice matching layer 11 may include AlGaN or AIN. When
the lattice matching layer 11 is made of AlGaN, the Al atoms
of the AlGaN have a doping percent of 40% and the Ga
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atoms of the AlGaN have a doping percent of 60%. The
lattice matching layer 11 may have a thickness of 170 nm.
The superlattice layer 12 may include AIN or GaN, wherein
the GaN is replaced with AlGaN. The lattice matching layer
11 may have a thickness of 0.8 lam. The present invention
is not limited to the order of stacking the AIN layer and the
GaN layer of the superlattice layer 12. The back-barrier
layer 13 includes GaN doped with C, an AIN and GaN
supperlattice doped with C, or an AIN and AlGaN superla-
ttice doped with C. The back-barrier layer 13 may have a
thickness of 0.5 lam. Since C atoms do not drift, they are
suitable for fabricating the high electron mobility transistor
1. The electron blocking layer 14 includes AlGaN, wherein
the Al atoms of the AlGaN have a doping percent of 3~5%,
the Ga atoms of the AlGaN have a doping percent of
95~97%, and the electron blocking layer 14 has a thickness
of 2~5 nm. The channel layer 15 may include GaN and have
a thickness of 0.5 um. The active layer 16 may include
AlGaN, wherein the Al atoms of the AlGaN have a doping
percent of 24%, and the Ga atoms of the AlGaN have a
doping percent of 76%. The active layer 16 may have a
thickness of 22 nm. The protection layer 17 may include
GaN and have a thickness of 1 nm.

[0028] The lattice matching layer 11 is formed on the
growth substrate 10. The superlattice layer 12 is formed on
the lattice matching layer 11. The back-barrier layer 13 is
formed on the superlattice layer 12. The superlattice layer 12
is formed between the lattice matching layer 11 and the
back-barrier layer 13. The electron blocking layer 14 is
formed on the back-barrier layer 13. The channel layer 15 is
formed on the electron blocking layer 14. The active layer 16
is formed on the channel layer 15. The protection layer 17
is formed on the active layer 16. The source 18, the gate 19,
and the drain 20 are formed on the protection layer 17. The
gate 19 is located between the source 18 and the drain 20.
The insulation layer 21, formed on the protection layer 17,
covers the side walls of the source 18, the gate 19, and the
drain 20.

[0029] When the high electron mobility transistor 1 is
turned on, a vertical current is generated to cause a leakage
current. When the high electron mobility transistor 1 oper-
ates, a horizontal current between the source 18 and the
drain 20 is caused by a two-dimensional electron gas
between the active layer 16 and the channel layer 15. The
back-barrier layer 13 doped with C has a high energy band.
Since the energy band of the electron blocking 14 is less than
the energy band of the back-barrier 13 and greater than the
energy band of the channel layer 15, the two-dimensional
electron gas is formed between the electron blocking layer
14 and the channel layer 15 and the horizontal current is
locked in the channel layer 15 to prevent the back-barrier
layer 13 from trapping the horizontal current and improve
the characteristics of the two-dimensional electron gas.
However, the electron blocking layer 14 can allow the
vertical current to pass. The back-barrier layer 13 and the
superlattice layer 12 can block the vertical current to
decrease the leakage current. The thickness and the doping
percent of the Al atoms of the electron blocking layer 14 are
limited. When the thickness of the electron blocking layer 14
is thicker or the doping percent of the Al atoms of the
electron blocking layer 14 is higher, the two-dimensional
electron gas is formed between the electron blocking layer
14 and the back-barrier layer 13 such that the high electron
mobility transistor cannot be pinched off. When the thick-
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ness of the electron blocking layer 14 is thinner or the
doping percent of the Al atoms of the electron blocking layer
14 is lower, the two-dimensional electron gas cannot be
locked in the channel layer 15. The back-barrier layer 13 can
trap the horizontal current and degrade the characteristics of
the two-dimensional electron gas.

[0030] FIG. 2 is a diagram illustrating curves of the depth,
the concentration of C atoms, the intensity of Al atoms, and
the intensity of Ga atoms of a high electron mobility
transistor according to an embodiment of the present inven-
tion. FIG. 3 is a diagram illustrating curves of the input
power, the output power, the gain, and the power added
efficiency (PAE) of a high electron mobility transistor
according to an embodiment of the present invention. As
illustrated in FIG. 2, the concentration of C atoms suddenly
increases in depth of about 550 nm. The bottom right inset
in FIG. 2 is a transmission electron microscope (TEM)
image, which shows an interface between unintentionally-
doped GaN and GaN doped with C. As illustrated in FIG. 3,
the frequency of the input signal is 28 GHz and the drain-
source voltage V5 is 28 V. As illustrated in FIG. 3, the high
electron mobility transistor of the present invention mea-
sures the amplification characteristics in the ka band, and a
single high electron mobility transistor can achieve output
power of about 1 W.

[0031] Refer to FIG. 1. In another embodiment, the insu-
lation layer 21 can be omitted. In further embodiment, the
protection layer 17 can be omitted such that the source 18,
the gate 19, and the drain 20 are directly formed on the
active layer 16. In some embodiments, the superlattice layer
12 can be omitted such that the back-barrier layer 13 is
directly formed on the lattice matching layer 11.

[0032] According to the embodiments provided above, the
high electron mobility transistor includes the back-barrier
layer made of GaN doped with C, an MN and GaN super-
lattice doped with C, or an MN and AlGaN superlattice
doped with C and employs the electron blocking layer to
prevent the back-barrier layer from trapping a horizontal
current and improve the characteristics of a two-dimensional
electron gas.

[0033] The embodiments described above are only to
exemplify the present invention but not to limit the scope of
the present invention. Therefore, any equivalent modifica-
tion or variation according to the shapes, structures, features,
or spirit disclosed by the present invention is to be also
included within the scope of the present invention.
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What is claimed is:
1. A high electron mobility transistor comprising:
a growth substrate;
a lattice matching layer formed on the growth substrate;
a back-barrier layer formed on the lattice matching layer,
wherein the back-barrier layer comprises GaN doped
with C, an AIN and GaN superlattice doped with C, or
an AIN and AlGaN superlattice doped with C;
an electron blocking layer formed on the back-barrier
layer, wherein the electron blocking layer comprises
AlGaN, Al atoms of the AlGaN have a doping percent
of 3~5%, Ga atoms of the AlGaN have a doping percent
of 95~97%, and the electron blocking layer has a
thickness of 2~5 nm;
a channel layer formed on the electron blocking layer;
an active layer formed on the channel layer; and
a source, a gate, and a drain formed on the active layer,
wherein the gate is located between the source and the
drain.
2. The high electron mobility transistor according to claim
1, wherein the growth substrate comprises Si, GaN, SiC, or
sapphire.
3. The high electron mobility transistor according to claim
1, wherein the lattice matching layer comprises AlGaN or
AIN.
4. The high electron mobility transistor according to claim
1, wherein the channel layer comprises GaN.
5. The high electron mobility transistor according to claim
1, wherein the active layer comprises AlGaN.
6. The high electron mobility transistor according to claim
1, further comprising a protection layer formed on the active
layer, wherein the source, the gate, and the drain are formed
on the protection layer.
7. The high electron mobility transistor according to claim
6, wherein the protection layer comprises GaN.
8. The high electron mobility transistor according to claim
6, further comprising an insulation layer formed on the
protection layer, wherein the insulation layer covers side
walls of the source, the gate, and the drain.
9. The high electron mobility transistor according to claim
1, further comprising a superlattice layer formed between
the lattice matching layer and the back-barrier layer.
10. The high electron mobility transistor according to
claim 1, wherein the superlattice layer comprises AIN or
GaN.



