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(57) ABSTRACT

A high electron mobility transistor includes a substrate, a
buffer layer, a channel layer, a spacer layer, a schottky layer
and a cap layer. The buffer layer is formed on the substrate.
The channel layer is formed on the buffer layer, in which the
channel layer comprises a superlattice structure formed with
a plurality of indium gallium arsenide thin films alternately
stacked with a plurality of indium arsenide thin films. The
spacer layer is formed on the channel layer. The schottky
layer is formed on the spacer layer. The cap layeris formed on
the schottky layer.
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HIGH ELECTRON MOBILITY TRANSISTOR
AND METHOD FOR FABRICATING THE
SAME

RELATED APPLICATIONS

[0001] This application claims priority to Taiwan Patent
Application Serial Number 98146534, filed Dec. 31, 2009,
which is herein incorporated by reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The present disclosure relates to a high-frequency
device. More particularly, the present disclosure relates to a
high electron mobility transistor with a superlattice structure.
[0004] 2. Description of Related Art

[0005] For a high electron mobility transistor (HEMT) as a
high-frequency device, when a channel layer therein is grown
by epitaxy and has a superlattice structure, the composition of
the superlattice structure is usually complex and thus difficult
to be grown by epitaxy. On the contrary, if purer indium
gallium arsenide (InGaAs) is used, for the HEMT having a
hetero-structure, the indium (In) content therein may not be
high enough so that in the HEMT the electron effective mass
is not small enough and the electron mobility is inclined to be
low. As a result, the direct-current characteristics and high-
frequency characteristics of the HEMT are not better.

[0006] On the other hand, the device characteristics men-
tioned above are closely related to the gate length of the
device. However, if the nanometer-scaled gate length is fab-
ricated in order to improve the device characteristics, the
electron-beam lithography system has to be used. Thus, the
production cannot be raised and the production costs could
increase.

SUMMARY

[0007] In accordance with one embodiment of the present
invention, a high electron mobility transistor is provided. The
high electron mobility transistor includes a substrate, a buffer
layer, a channel layer, a spacer layer, a schottky layer and a
cap layer. The buffer layer is formed on the substrate. The
channel layer is formed on the buffer layer, in which the
channel layer comprises a superlattice structure formed with
a plurality of indium gallium arsenide thin films alternately
stacked with a plurality of indium arsenide thin films. The
spacer layer is formed on the channel layer. The schottky
layer is formed on the spacer layer. The cap layer is formed on
the schottky layer.

[0008] In accordance with another embodiment of the
present invention, a method for fabricating a high electron
mobility transistor is provided. The method includes the steps
as follows. A metamorphic buffer layer is formed on a sub-
strate. A growth buffer layer is formed on the metamorphic
buffer layer. a plurality of indium gallium arsenide thin films
are alternately stacked with a plurality of indium arsenide thin
films on the growth buffer layer, in which the indium gallium
arsenide thin films alternately stacked with the indium ars-
enide thin films are formed as a channel layer. A spacer layer
is formed on the channel layer. A delta-doped thin film is
formed on the spacer layer. A schottky layer is formed on the
delta-doped thin film. A cap layer is formed on the schottky
layer.

[0009] In accordance with yet another embodiment of the
present invention, a high electron mobility transistor is pro-
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vided. The high electron mobility transistor includes a gal-
lium arsenide substrate, an InAlAs metamorphic buffer layer,
an Ing s, Al 49 As growth buffer layer, a plurality of In,Ga,_
xAs thin films, aplurality of TnAs thin films, an In,) 5,Al, .5 As
spacer layer, an In, 5,Al, ,sAs schottky layer and an In,
s3(a, 4, As cap layer. The InAlAs metamorphic buffer layer
is formed on the gallium arsenide substrate. The Ing 5,Al;
4sAs growth buffer layer is formed on the InAlAs metamor-
phic buffer layer. The In,Ga, _,As thin films and the InAs thin
films are alternately stacked with each other on the In,, 5,Al,
asAs growth buffer layer, in which X has a range 0of 0.53-0.8,
and the In,Ga, ,As thin films alternately stacked with the
InAs thin films have a total thickness of approximately 14-16
nm. The In, 5,Al, 4cAs spacer layer is formed on the In,Ga, .
xAs thin films alternately stacked with the InAs thin films.
The In, 5,Al, ,4As schottky layer is formed on the In, 5,Al,
48As spacer layer. The In, 5;Ga, ,,As cap layer is formed on
the In, 5,Al, 45As schottky layer.

[0010] For the foregoing embodiments, the high electron
mobility transistor and the method for fabricating the same
can be applied not only to improve the high-frequency char-
acteristics of the transistor (e.g. high current gain cut-off
frequency, low noise figure), but also to be helpful for freeing
the nanometer-scaled gate length of the high electron mobil-
ity transistor from having to be fabricated with an electron-
beam lithography system when persons skilled in the art
develop the transistor with high efficacy, such that the gate
electrode can be defined by the optical lithography stepper so
as to raise the yield rate.

[0011] TItisto be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The disclosure can be more fully understood by
reading the following detailed description of the embodi-
ments, with reference to the accompanying drawings as fol-
lows:

[0013] FIG. 1isa summary diagram of a structure of'a high
electron mobility transistor (HEMT) according to one
embodiment of the present invention;

[0014] FIG.2isa summary diagram of a structure of'a high
electron mobility transistor (HEMT) according to another
embodiment of the present invention;

[0015] FIG. 3 is a simulation diagram of electron concen-
tration and energy bandgap of the high electron mobility
transistor structure shown in FIG. 2;

[0016] FIG. 4 is a comparison diagram of noise figures
(NF) of devices having different gate sizes and HEMT struc-
ture shown in FIG. 2;

[0017] FIG. 5is a comparison diagram of minimum noise
figures (NF) of HEMT having superlattice channel shown in
FIG. 2 with different gate lengths and HEMT having InGaAs
channel in prior art;

[0018] FIG. 6 is a diagram of drain current and transcon-
ductance both corresponding to different gate-source volt-
ages of the devices using the HEMT structure shown in FIG.
2; and
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[0019] FIG. 7 is a diagram of RF characteristics of the
device using the HEMT structure shown in FIG. 2 and having
gate length of 80 nm after the parasitic effect is removed.

DESCRIPTION OF THE EMBODIMENTS

[0020] Inthe following description, several specific details
are presented to provide a thorough understanding of the
embodiments of the present invention. One skilled in the
relevant art will recognize, however, that the present inven-
tion can be practiced without one or more of the specific
details, or in combination with or with other components, etc.
In other instances, well-known implementations or opera-
tions are not shown or described in detail to avoid obscuring
aspects of various embodiments of the present invention.
[0021] The terms used in this specification generally have
their ordinary meanings in the art and in the specific context
where each term is used. The use of examples anywhere in
this specification, including examples of any terms discussed
herein, is illustrative only, and in no way limits the scope and
meaning of the invention or of any exemplified term. Like-
wise, the present invention is not limited to various embodi-
ments given in this specification.

[0022] As used herein, the terms “comprising,” “includ-
ing,” “having,” “containing,” “involving,” and the like are to
be understood to be open-ended, i.e., to mean including but
not limited to.

[0023] Reference throughout the specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, implementation, or characteristic
described in connection with the embodiment is included in at
least one embodiment of the present invention. Thus, uses of
the phrases “in one embodiment” or “in an embodiment” in
various places throughout the specification are not necessar-
ily all referring to the same embodiment. Furthermore, the
particular features, structures, implementation, or character-
istics may be combined in any suitable manner in one or more
embodiments.

[0024] FIG. 1is a summary diagram of a structure of a high
electron mobility transistor (HEMT) according to one
embodiment of the present invention. As shown in the figure,
the HEMT structure 100 includes a substrate 110, a buffer
layer 120, a channel layer 130, a spacer layer 140, a delta-
doped thin film 150, a schottky layer 160 and a cap layer 170.
[0025] The buffer layer 120 is formed on the substrate 110
and used as a transition layer so that the channel layer 130 can
be formed subsequently. Specifically, the channel layer 130
can further include a metamorphic buffer layer and a growth
buffer layer (shown in FIG. 2), in which the metamorphic
buffer layer is first formed on the substrate 110 and the mate-
rial of the metamorphic buffer layer is different from that of
the substrate 110, such that the stress could thus be produced
in the metamorphic buffer layer to result in that the lattice
structure of the metamorphic buffer layer may have disloca-
tions or defects. Then, the growth buffer layer is formed on the
metamorphic buffer layer until the metamorphic buffer layer
is grown to have a certain thickness. The material of the
growth buffer layer is the same as that of the metamorphic
buffer layer, so the lattice structure of the growth buffer layer
is more complete and has less dislocations or defects. As a
result, the basis for subsequently forming the channel layer
130 is made.

[0026] The channel layer 130 is formed on the buffer layer
120 and includes a superlattice structure (shown in FIG. 2), in
which the superlattice structure is formed with a plurality of
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indium gallium arsenide (In,Ga,_yAs) thin films alternately
stacked with a plurality of indium arsenide (InAs) thin films,
and X has a range of approximately 0.53-0.8. In one embodi-
ment, the thickness of the foregoing superlattice structure is
approximately 10-20 nm. In another embodiment, the thick-
ness of the foregoing superlattice structure is approximately
12-18 nm.

[0027] The spacer layer 140 1s formed on the channel layer
130 so as to confine the electrons in the channel layer 130
when the device operates. The delta-doped thin film 150 is a
single delta-doped sheet layer and formed on the spacer layer
140, so as to provide sufficient carriers (or electrons) for the
channel layer 130 when the device operates. In one embodi-
ment, the delta-doped thin film 150 includes silicon (Si) with
a doping concentration of approximately 3-5x10"* cm™.
[0028] The schottky layer 160 is formed on the delta-doped
thin film 150. The cap layer 170 is formed on the schottky
layer 160. After that, the metal gate, drain and source elec-
trode can be fabricated on the HEMT structure 100, the gate
electrode can make schottky contact with the schottky layer
160, and the cap layer 170 can reduce the ohmic contact. In
one embodiment, the cap layer 170 includes silicon (Si) with
a doping concentration of approximately 5x10'%-5x10°
cm™.

[0029] FIG. 21isa summary diagram of a structure of'a high
electron mobility transistor (HEMT) according to another
embodiment of the present invention. As shown in the figure,
The HEMT structure 200 includes a gallium arsenide (GaAs)
substrate 210, an InAlAs metamorphic buffer layer 220, an
Ing s,Aly 49As growth buffer layer 230, a channel layer 240
having a superlattice structure, an In, 5,Al, ,5As spacer layer
250, a delta-doped thin film 260, an In, 5,Al, ,,As schottky
layer 270 and an In, 5,Ga, ,,As cap layer 280.

[0030] First, the InAlAs metamorphic buffer layer 220 is
formed on the GaAs substrate 210. Then, the In 5,Al, .z As
growth buffer layer 230 is formed on the InAlAs metamor-
phic buffer layer 220 until the InAlAs metamorphic buffer
layer 220 is grown to have a certain thickness, for the channel
layer 240 capable of being well formed subsequently.
[0031] Then, a plurality of In,Ga, ,As thin films and a
plurality of InAs thin films are alternately stacked with each
other on the Ing 5,Al, 45As growth buffer layer 230 to form
the superlattice structure used as the channel layer 240. In
other words, the channel layer 240 is consisted essentially of
(InAs), /(InyGa,_yAs),, in which X has the range of approxi-
mately 0.53-0.8, and m and n represent the number of InAs
thin films and In,Ga, ,As thin films respectively. In one
embodiment, X has a range of approximately 0.53-0.6. In
another embodiment, X has a range of approximately 0.6-0.7.
In yet another embodiment, X has a range of approximately
0.7-0.8.

[0032] The defects or dislocations can be reduced during
epitaxy process when the thickness of the epitaxy layers is
smaller than a critical thickness, so using the foregoing super-
lattice structure having the thin films with smaller thickness to
form the channel layer can reduce the disorder scattering
caused by atoms in the channel layer, and thus the channel
layer with high quality can be obtained to further improve the
performance of the device effectively.

[0033] Ontheother hand, considering the characteristics of
the device, the thickness of the channel layer 240 would affect
the electrical characteristics, so the channel aspect ratio
(W/L), i.e. gate length divided by sum of schottky layer
thickness and channel layer thickness, needs to be considered



US 2011/0156100 A1l

in the condition of the device having a small gate length, and
this value should normally be lager than 1 to avoid the short
channel effect resulting in the problems that the transconduc-
tance (g,,) deteriorates and the RF performance deteriorates
when the device is applied in the transceiver. In one embodi-
ment, the In,Ga, As thin films alternately stacked with the
InAs thin films have a total thickness of approximately 14-16
nm. In another embodiment, the In,Ga,_,As thin films alter-
nately stacked with the InAs thin films have a total thickness
of approximately 15 nm.

[0034] In addition, the In, 5,Al, 4z As spacer layer 250 is
formed on the In,Ga, _,As thin films alternately stacked with
the InAs thin films (i.e. channel layer 240), and then the
delta-doped thin film 260 is formed on the In, 5,Al, ,5As
spacer layer 250. In one embodiment, the delta-doped thin
film 260 includes silicon (Si) with a doping concentration of
approximately 3-5x10'2 cm™ (n-type doping). In another
embodiment, the delta-doped thin film 260 includes silicon
(Si) with a doping concentration of approximately 4x10'2
cm™.
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mately 100 nm, the alternately stacked In,Ga, _,As thin film
and the InAs thin film can have 10 repeating periods (i.e. 10
In,Ga, yAs thin films alternately stacked with 10 InAs thin
films) such that the thickness of the channel layer 240 is
approximately 15 nm, the thickness of the In, 5,Al, . As
spacer layer 250 is approximately 3-8 nm, the thickness of the
Ing s, Al 45As schottky layer 270 is approximately 15-30 nm,
and the thickness of the In,5;Ga, 4,As cap layer 280 is
approximately 20-35 nm.

[0038] The following Table Iis a comparison table of char-
acteristics of [1I-V semiconductor and silicon.

[0039] As shown in Table I, since the In, 5,Ga, ,,As thin
films are alternately stacked with the InAs thin films in one
embodiment of the present invention, the channel layer in the
embodiment of the present invention has higher In content
than that in the prior art, such that the effective mass of the
electrons in the device is sufficiently small and the electron
mobility is increased, and the direct-current characteristics
and high-frequency characteristics of the device are better.

TABLE I
Si GaAs Ings3GagysAs InAs InSb unit
energy 1.12 1.43 0.75 0.356 0.175 eV
bandgap
electron 0.19 0.072 0.041 0.027 0.013
effective mass
electron 1,500 8,500 14,000 30,000 78,000 em? Vg
mobility in
pute material
electron 600 4,600 7,800 20,000 30,000 em? VisTt
mobility with
concentration
of 1 x 1012 em™
electondrift  1.0x107  1.2x107  8x10° 3x107 5x107  oms™
saturation
velocity
electron mean 28 80 106 194 226 nm
free path
intrinsic carrier 1.6x 10 1.1x107  35x 10! 1.3x 10 19x 10 em™?
concentration

[0035] The In, 5,Al, .5 As schottky layer 270 is formed on
the delta-doped thin film 260. The In, 5;Ga, 4,As cap layer
280 is formed on the In, 5, Al, 45 As schottky layer 270. Like-
wise, after the metal gate, drain and source electrode are
fabricated on the HEMT structure 100, the gate electrode can
make schottky contact with the In, 5,Alj 45As schottky layer
270, and the In, 5;Ga, 4,As cap layer 280 can reduce the
ohmic contact, e.g. ohmic contact between drain and source
electrode. In one embodiment, the In, 5;Ga, 4,As cap layer
280 includes silicon (Si) with a doping concentration of
approximately 5x10'%-5x10'® cm ™ (n-type doping).

[0036] Notably, the buffer layer 120, the channel layer 130,
the spacer layer 140, the delta-doped thin film 150, the schot-
tky layer 160 and the cap layer 170 shown in FIG. 1 and the
InAlAs metamorphic buffer layer 220, the In, 5,Al, ,5As
growth buffer layer 230, the channel layer 240 having the
superlattice structure, the In 5,Al, ,,As spacer layer 250, the
delta-doped thin film 260, the In, 5,Al, 4sAs schottky layer
270 and the In, 5,Ga, ,,As cap layer 280 shown in to FIG. 2
all can be formed by molecular beam epitaxy (MBE) growth
process.

[0037] Moreover, for the present embodiment, the thick-
ness of the In,, <, Al 43As growth buffer layer 230 is approxi-

[0040] Furthermore, in the superlattice structure of the
embodiments of the present invention the lattice constant of
In,, 5,Ga, ,,As is 5.83 angstrom (A) and the lattice constant of
InAs is 6.06 angstrom (A) in which the difference of the two
lattice constants is smaller than the prior art, so it is easier to
be formed by epitaxy growth (e.g. molecular beam epitaxy,
MBE).

[0041] On the contrary, when the superlattice structure is
formed with InSb/InAs P, _, the energy bandgap of InSb is
only 0.18 eV although 1t has the highest electron mobility at
present, so the appearance of impact ionization may occur
more easily, anditis not easy to perform epitaxy dueto a large
lattice constant difference between these two materials
according to the lattice constant table. On the other hand, if
InGaAs/AlGaAs is used, one additional gas source (i.e. Al)
must be used during the epitaxy process. Thus, alternately
stacking the In, 5;Ga,, ,,As thin films with the InAs thin films
to form the channel layer in one embodiment of the present
invention not only effectively raises the electron mobility but
also makes the structure of the channel layer simple for con-
venient epitaxy.

[0042] FIG. 3 is a simulation diagram of electron concen-
tration and energy bandgap of the high electron mobility
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transistor structure shown in FIG. 2. As shown in the figure,
under the condition that the alternately stacked Ing 5;Gag
47As thin film and the InAs thin film have 10 repeating periods
so that its total thickness is approximately 15 nm (from 35 to
50 nm as shown in the figure), the electrons can thus be
effectively confined in the channel layer 240 such that the
electron concentration in the channel layer 240 increases
significantly. In addition, the device fabricated by using the
foregoing HEMT structure has a sheet charge density of
approximately 2.35x10'%cm? according to the simulation
result.

[0043] FIG. 4 is a comparison diagram of noise figures
(NF) of devices having different gate sizes and HEMT struc-
ture shown in FIG. 2. As shown in the figure, under the
condition that the devices having 80 nm and 350 nm gate
electrode both have the same superlattice channel layer as
shown in FIG. 2, their noise figures corresponded by their
operating frequency 2-16 GHz are very close when the bias
voltage V5 1s 1.0 V. As a result, even if the electron-beam
lithography system is not used to fabricate the device with a
smaller gate length (Lg) and instead the optical lithography
stepper (usually for Lg=0.35 um) is used to define a larger
gate length, the production of the device can still be raised and
the production costs can be reduced without losing good
high-frequency characteristics.

[0044] FIG. 5 is a comparison diagram of minimum noise
figures (NF) of HEMT having superlattice channel shown in
FIG. 2 with different gate lengths and HEMT having InGaAs
channel in prior art. As shown in the figure, with the same
frequency 16 GHz, the HEMT having superlattice channel
with gate length of 80 nm has a noise figure of 0.75 dB, the
HEMT having In, 5,Ga, ,As channel with gate length of 80
nm has a noise figure of 0.77 dB, and the HEMT having
superlattice channel with gate length of 350 nm has a noise
figure of 0.88 dB. Thus it can be seen that the HEMT fabri-
cated by using the superlattice channel layer in embodiments
of the present invention still has good electrical performance
even if it has a gate length of 350 nm.

[0045] FIG. 6 is a diagram of drain current and transcon-
ductance both corresponding to different gate-source volt-
ages of the devices using the HEMT structure shown in FIG.
2. As shown in the figure, the HEMT with gate length of 80
nm (L.g=80 nm) has a drain saturation current density of 392
mA/mm and a maximum transconductance of 991 mS/mm
when the drain voltage is 1.2 V (Vd=1.2 V). Thus it can be
seen that the direct-current characteristics of the device has
been improved.

[0046] FIG. 7 is a diagram of RF characteristics of the
device using the HEMT structure shown in F1G. 2 and having
gate length of 80 nm after the parasitic effect is removed. As
shown in the figure, with the bias voltage of 1.2V, the current
gain cut-off frequency (f7) is approximately 304 GHz and the
maximum oscillation frequency (f,, ) is approximately 162
GHz.

[0047] As known in the results of the measured direct-
current and high-frequency characteristics of the devices
mentioned above, the devices using the HEMT structure
shown in FIG. 2 can be applied not only in, for example,
low-noise amplifier monolithic microwave integrated circuits
(LNA MMIC) but also to solve the problems that in the past
the production is limited due to gate size defined by the
electron-beam lithography.

[0048] For the foregoing embodiments, the high electron
mobility transistor (HEMT) and the method for fabricating
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the same can be applied not only to improve the high-fre-
quency characteristics of the transistor (e.g. high current gain
cut-off frequency, low noise figure), but also to be helpful for
freeing the nanometer-scaled gate length of the high electron
mobility transistor from having to be fabricated by using the
electron-beam lithography system when persons skilled in
the art develop the transistor with high efficacy, such that the
gate electrode can be defined by the optical lithography step-
per so as to raise the yield rate.

[0049] As is understood by a person skilled in the art, the
foregoing embodiments of the present invention are illustra-
tive of the present invention rather than limiting of the present
invention. It is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims, the scope of which should be accorded
with the broadest interpretation so as to encompass all such
modifications and similar structures.

What is claimed is:

1. A high electron mobility transistor, comprising:

a substrate;

a buffer layer formed on the substrate;

a channel layer formed on the buffer layer, wherein the
channel layer comprises a supetlattice structure formed
with a plurality of indium gallium arsenide thin films
alternately stacked with a plurality of indium arsenide
thin films;

a spacer layer formed on the channel layer;

a schottky layer formed on the spacer layer; and

a cap layer formed on the schottky layer.

2. The high electron mobility transistor as claimed in claim

1, wherein a material of each of the indium gallium arsenide
thin films is InyGa,_,As, and X has a range of 0.53-0.8.

3. The high electron mobility transistor as claimed in claim

2, wherein a thickness of the superlattice structure is approxi-
mately 10-20 nm.
4. The high electron mobility transistor as claimed in claim
2, wherein a material of the buffer layer is In, 5,Al; 45As.

5. The high electron mobility transistor as claimed in claim
4, wherein a material of the spacer layer is In, 5,Al, 45 AS.

6. The high electron mobility transistor as claimed in claim
5, further comprising:

a delta-doped thin film formed between the spacer layer
and the schottky layer and comprising silicon with a
doping concentration of approximately 3-5x10"% cm ™,

7. The high electron mobility transistor as claimed in claim

6, wherein a material of the schottky layer is In, s, Al 45As.

8. The high electron mobility transistor as claimed in claim

7, wherein a material of the cap layer is In,, 5;Ga, 4,As and the
cap layer comprises silicon with a doping concentration of
approximately 5x10'®-5x10" cm™>.

9. The high electron mobility transistor as claimed in claim

8, wherein a material of the substrate is gallium arsenide.

10. A method for fabricating a high electron mobility tran-

sistor, comprising:

forming a metamorphic buffer layer on a substrate;

forming a growth buffer layer on the metamorphic buffer
layer;

alternately stacking a plurality of indium gallium arsenide
thin films with a plurality of indium arsenide thin films
on the growth buffer layer, wherein the indium gallium
arsenide thin films alternately stacked with the indium
arsenide thin films are formed as a channel layer;

forming a spacer layer on the channel layer;

forming a delta-doped thin film on the spacer layer;
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forming a schottky layer on the delta-doped thin film; and

forming a cap layer on the schottky layer.

11. The method as claimed in claim 10, wherein a material
of each of the indium gallium arsenide thin films is In,Ga,_
xAs, and X has a range of 0.53-0.8.

12. The method as claimed in claim 11, wherein the indium
gallium arsenide thin films alternately stacked with the
indium arsenide thin films have a total thickness of approxi-
mately 12-18 nm.

13. The method as claimed in claim 11, wherein a material
of the metamorphic buffer layer is InAlAs, a material of the
growth buffer layer is Ing 5,Al, 45 As.

14. The method as claimed in claim 13, wherein a material
of the substrate is gallium arsenide.

15. The method as claimed in claim 11, wherein materials
of the spacer layer, the delta-doped thin film and the schottky
layer are In, 5,Al, ,3As, and the delta-doped thin film com-
prises silicon with a doping concentration of approximately
3-5%10"% em™.

16. The method as claimed in claim 15, wherein a material
of the cap layer is In, s;Ga, 4;As and silicon with a doping
concentration of approximately 5x10'3-5x10"° cm™.

17. A high electron mobility transistor, comprising;

a gallium arsenide substrate;

an InAlAs metamorphic buffer layer formed on the gallium

arsenide substrate;

an Ing 5,Al 43As growth buffer layer formed on the

InAlAs metamorphic buffer layer;

aplurality of In,Ga,_yAs thin films and a plurality of InAs

thin films alternately stacked with each other on the
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In, s,Al 45As growth buffer layer, wherein X has a
range of 0.53-0.8, and the In,Ga, As thin films alter-
nately stacked with the InAs thin films have a total
thickness of approximately 14-16 nm;

an In, 5,Al, 45 As spacer layer formed on the In,Ga, As
thin films alternately stacked with the InAs thin films;

an Ing 5,Al, 4As schottky layer formed on the Ing 5,Aly
48As spacer layer; and

an In, 55Ga, 4,As cap layer formed on the Ing 5,Al, .5As
schottky layer.

18. The high electron mobility transistor as claimed in

claim 17, further comprising:

a delta-doped thin film formed between the Ing 5,Al, .5 As
spacer layer and the In, 5,Al, ,;As schottky layer and
comprising silicon with a doping concentration of
approximately 3-5x10'% ecm™.

19. The high electron mobility transistor as claimed in
claim 17, wherein the In, 5;Ga, ,,As cap layer comprises
silicon witha doping concentration of approximately 5x10'%-
5x10" em™.

20. The high electron mobility transistor as claimed in
claim 17, wherein the InAlAs metamorphic buffer layer, In,
s2Al, 49As growth buffer layer, the In,Ga, ,As thin films
alternately stacked with the InAs thin films, the In, 5,Al;
asAs spacer layer, the In, 5,Al, ,3As schottky layer, and the
Ing 53Gag 4, As cap layer are all formed by molecular beam
epitaxy growth.



