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The steady-state and transient electron transport properties of $-(Al,Ga;_,),03/Ga,O3 heterostructures were inves-
tigated by Monte Carlo simulation with the classic three-valley model. In particular, the electronic band structures were
acquired by first-principles calculations, which could provide precise parameters for calculating the transport properties of
the two-dimensional electron gas (2DEG), and the quantization effect was considered in the I" valley with the five low-
est subbands. Wave functions and energy eigenvalues were obtained by iteration of the Schrodinger—Poisson equations to
calculate the 2DEG scattering rates with five main scattering mechanisms considered. The simulated low-field electron mo-
bilities agree well with the experimental results, thus confirming the effectiveness of our models. The results show that the
room temperature electron mobility of the B-(Aly.138Gag g12)203/Gay O3 heterostructure at 10 kV-em~!is approximately
153.669 cm?-V~1.s~1 and polar optical phonon scattering would have a significant impact on the mobility properties at
this time. The region of negative differential mobility, overshoot of the transient electron velocity and negative diffusion
coefficients are also observed when the electric field increases to the corresponding threshold value or even exceeds it.
This work offers significant parameters for the S-(AlyGa;_,),03/GayO3 heterostructure that may benefit the design of

high-performance B-(Al,Ga;_,)>03/Gay O3 heterostructure-based devices.

Keywords: electron transport, first-principles calculations, Monte Carlo simulation

PACS: 73.40.—, 73.63.Hs, 74.25.Jb

1. Introduction

As a wide band gap semiconductor, gallium oxide
(Gay03) is attractive for high-power electronics and ul-
traviolet optoelectronic applications.!'?! B-Ga,03 has the
most stable crystal structure among the five phases (.,
B, 7, € and 8) of Gay03.3) B-Ga,0; also has excel-
lent intrinsic material properties, including a large break-
down field strength of ~ 8 MV-cm™!,[* a high Baliga fig-
ure of merit of ~ 3444,051 and the availability of high-
quality native substrates grown directly from the melt.[ B-
(Al,Ga;_4)203 is a ternary alloy of B-GapO3 with a tunable
band gap ranging from 4.8 eV to 6 eV.[%”] In particular f3-
(Al,Ga;_,),03/Gay 03 heterostructures can be formed, 8! and
the introduction of ternary alloys and the formation of het-
erostructures can significantly increase the number of possi-
ble applications and the performance of devices.!”) Knowl-
edge about transport properties is a fundamental instrument
for any physicist or engineer involved in technology design
and preparation of semiconductor-based devices. Thus, the
electron transport properties in 3-(Al,Ga;_,),03/Ga,03 het-
erostructures must be understood in depth. Recently, some
studies have been carried out to explore the performance
of B-(Al,Ga;_4)203/Ga03 heterostructures. [10-21] Zhang et
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al."31 measured the mobilities of a modulation-doped B-
(Alp.18Gap 82)203/Gay O3 heterostructure grown by oxygen
plasma-assisted molecular beam epitaxy as 180 cm?-V~!.s7!
at 300 K and 2790 cm?V~ls~! at 90 K. Later, this
group!!d! fabricated a modulation-doped field effect tran-
sistor based on the B-(Aly138Gag.g2)203/GaO3 heterostruc-
Their results showed that the two-dimentional elec-
tron gas (2DEG) channel mobility and saturation veloc-
ity of this device at 50 K were 1520 cm?-V~!s~! and
1.1 x 107 cm-s~!, respectively. Ranga et al.!'! prepared
modulation-doped B-(Al,Ga;_,),03/Ga;O3 heterostructures

by metalorganic vapor-phase epitaxy. They observed that
~1

ture.

the mobility was 111 cm?-V~'.s~! at room temperature.
Ghosh and Singisetti?”! calculated the electron mobility by
solving the Boltzmann transport equation and found that
the mobility improved on the higher 2DEG density side
as the remote impurity center moved away from the inter-
face. The aforementioned investigations concerned doped f3-
(Al,Ga;_,)»03/Gay O3 heterostructures, and the electron mo-
bility will be heavily affected by the impurity scattering be-

[13.14.20] therefore, the per-

cause of the dopant impurities;
formance of heterostructure-based devices will be seriously

limited.[15:201 Actually, it is feasible to limit the carriers at the
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interface of unintentionally doped B-(Al,Ga;_,),03/Ga;0;
heterosystems owing to the staggered band alignment with a
positive conduction band offset and small valence band offset
between B-(Al,Ga;_,),03 and B-Ga,03. Free carriers would
be transferred to the high-purity $-Ga,O3 layer where they
could populate a narrow potential well and form a high-density
2DEG. This phenomenon has also been observed in the un-
intentionally doped AlGaAs/GaAs heterostructures, *?! which
are similar to B-(Al,Ga;_,),03/GayO3 heterostructures.!!!]
Moreover, the unintentionally doped heterostructures can be
used to fabricate quantum cascade detectors;?3! thus inves-
tigation of the electron transport of such heterostructures
is required to further study properties such as the current—
voltage characteristic and improve the performance of f3-
(Al,Ga;_,)203/Gay 03 heterostructure-based devices. When
applied to charge transport in semiconductors, the Monte
Carlo (MC) method is much more flexible than the itera-
tive method, and it can be used to model high-field electron
transport in semiconductor materials.!**! To the best of our
knowledge, the electron transport properties of unintentionally
doped B-(Al,Ga;_,)203/Ga O3 heterostructures have not yet
been investigated by MC simulation, which stimulated us to
investigate this and hope to fill the gap.

In this work, a systematic three-valley MC simulation of
the steady-state and transient electron transport characteristics
was carried out on 3-(Al,Ga;_,),03/Ga; 03 heterostructures.
Electronic band structures were determined by first-principles
calculations. The wave function and energy eigenvalue were
obtained by self-consistently solving the Schrédinger and
Poisson equations. With five scattering mechanisms, the cal-
culated mobility matches well with the reported experimental
results, which verifies the correctness of our simulation.

10

Energy (eV)
(%2}

Energy (eV)

2. Band structures and model description

In this study the B-(Al,Ga;_,),03 barrier and $-Ga,03
well layers are nominally undoped and the electronic struc-
ture is investigated by a first-principles method based on
density functional theory. Different Al mole fractions of
B-(Al,Ga;_,),03 supercells can be constructed by replac-
All sys-
tems are calculated in reciprocal space. The plane-wave cut-
off energy is 400 eV,!*! and a 2 x 4 x 4 Monkhorst—Pack
grid is set to ensure good convergence between the com-

ing some Ga atoms by Al atoms in 3-GaOs.

puted structures and energies. In the self-consistent field cal-
culation the convergence precision of the energy charge is
1.0 x 107> eV/atom, the maximum displacement convergence
criterion is 1.0 x 1073 A, the maximum force acting on each
atom is 0.03 eV-A~! and the maximum stress is 0.05 GPa.
To correct the band gap value of $-Ga;03, the Hubbard U,
an effective on-site Coulomb interaction scheme, is incorpo-
rated into the generalized gradient approximation method to
improve the theoretical prediction, and the parameter U is set
to be 14.0 eV for the Ga 3d orbital and 8.35 eV for the O 2p
orbital. %] Figure 1 presents the electronic band structure for
pure 3-Ga,03 and B-(Al,Ga;_,),03 (x = 0.125, 0.188, and
0.313). The corrected band gap and the fitted effective mass
of the lowest valley are compared with the available experi-
mental results (see Table 1). The good agreement between the
simulated values and the experimental datal!?!7:18:27.281 cop-
firms the validity of our calculation. These results are used for
the next self-consistent numerical calculations and MC simu-
lation.

Energy (eV)

Fig. 1. Calculated electronic structures for (a) ﬁ—Ga203, (b) ﬁ—(Alo_lszao_g75)203, (C) ﬁ—(AlollggGao‘glz)z(h and (d) ﬁ—(Alo.313Gao_687)203.

117305-2



Chin. Phys. B 31, 117305 (2022)

Table 1. Material parameters for B-(Al,Ga;_,),03.

Parameter (eV)/(mg) Simulated value Experimental value

Band gap (x = 0) 4.889 490181

Band gap (x = 0.125)  5.001 4.96 (x = 0.12)[?7]
Band gap (x=0.188)  5.110 5.20 (x =0.2)[12
Band gap (x =0.313)  5.393 532 (x=0.31H7

Effective mass
x=0)T,YI,M)
Effective mass
(x=0.125) (", YI', M)
Effective mass
(x=0.183) (I, YI', M)
Effective mass
x=0.313) T, YI',M)

(0.274,0.433,0.642) 0.28 (lowest valley)28]
(0.295,0.585,0.719) 0.294 (lowest valley)!”]
(0.306, 0.729, 0.849)  0.301 (lowest valley)!'”!

(0.333,0.858,0.978) 0.313 (lowest valley)!'”]

Table 2. Main material parameters.

Parameter Value

Static dielectric constant 10.2g, 13!
High-frequency dielectric constant 3.57gy13!

Mass density 5880 kg-m—3 30
Sound velocity 6880 m-s~! 4]
Acoustic deformation potential 6.9 eV

Polar optical phonon energy 48 meV[421
Average roughness height 0.45 nm!'3
Horizontal correlation length 4.7 nm!3!
Dislocation density 103 cm=2 1101

In our MC simulation, the critical features of the conduc-
tion bands are the I', YI', and M valleys. The quantization ef-
fect is considered only in the I" valley with the five lowest sub-

[4.10.13.29.301 yge( in the calcu-

bands. The material parameters
lations are listed in Table 2. To compute the scattering rates of
the 2DEG, the energy levels and wave functions are achieved
by self-consistently solving the Schrodinger—Poisson equa-
tions. The scattering mechanisms include interface roughness
scattering (IRS), polar optical phonon scattering (POP), al-
loy disorder scattering (ADS), acoustic deformation potential
scattering (ADP) and dislocation scattering (DIS). Then the
total mobility can be obtained using Matthiesen’s rule. The
main processes of the calculation are described below.

Within the framework of the effective mass approxima-
tion, the Schrodinger equation can be written as

K> d?

—Tm*d—zz+U(z) i(z) = EiGi(2), (1

where 7 is the reduced Planck constant, m* is the effective
mass and §;(z) is the wave function for the i-th subband in
the B-(Al,Ga;_,)>03/Ga; 03 quantum well with energy eigen-

value E;. The potential energy U(z) can be expressed as

U(z) = —ed(z) +AE.(z), (2)

where e is the electronic charge, ¢(z) is the electrostatic poten-
tial and AE,(z) is the conduction band discontinuity at the f3-

(Al,Ga;_,)203/Gay 03 interface.>!1 Then, the Poisson equa-
tion is written as

e ] =), ®

where £(z) is the dielectric constant. The electron concentra-
tion n(z) in the quantum well can be obtained as

n(z) = Z|c,<>|2’"k3

Eg—E;
L e, In {l—i—exp( ksT )} “4)

Here, m is the number of occupied subbands, kg is the Boltz-

mann constant, T is the temperature and EF is the Fermi level.

When manufacturing heterostructures the roughness of
the interface between different materials cannot be completely
avoided, thus the IRS must be considered. The inverse of the
momentum relaxation time 7 limited by IRS can be expressed
by

1 m*A2A? < A2q2>
= 753 XPl T
TIRS 2h 4
/’/a 1Cn(2)1Gm(z IdZ‘ Se(1—cos0)do, (5)

where A is the average roughness height, A is the horizon-
tal correlation length, ¢ = 2ksin(6/2), k is the wave vector,
0 is the angle between electron wave vectors before and af-

s 12
q+qs} , and

0= 225 1 G T G (D exp (e~ ) dzaz.

As is known, POP plays an important role in
limiting the room temperature electron mobility in f-
(AL,Gaj_,)203/Gay O3 heterostructures. The 7 limited by POP
can be given by
1 mee?Ey (Ng+(1/2)£(1/2)) (1 1

- 202 (sw_sg)

TPOP

ter scattering, S. is the screening factor, S, = {

2m —Qlz—z
<[l aon@s0n e [0 g ©

with
0 = (K + i — 2hkikecos 0) /7 %)
2
k%:kf+%(Ei—EfiE1). ®)

Here, m, is the effective mass of $-Ga;O3 and E; is the po-
lar optical photon energy, the value of which is based on the
fitting of experimental data. In $-Ga,0j3, although there are
eight longitudinal optical phonon modes in a (100) direction,
it can be found that a POP energy of 48 meV is good enough
to capture the POP effect based on the Frohlich model. (4131
Ny is the phonon occupation number, € is the high-frequency
dielectric constant, & is the static dielectric constant, k; and k¢
are the wave vectors of the initial and final states, respectively,
<+’ represents phonon absorption and ‘-’ represents phonon
emission.

117305-3



Chin. Phys. B 31, 117305 (2022)

3. Analysis and discussion

To investigate the electron transport properties of f-
(AlyGa;_,)203/Gay O3, the mobility of this heterostructure is
studied first and the microscopic behaviors such as electron
velocity and electron occupancy then discussed to further un-
derstand the transport phenomena of 3-(Al,Ga|_,)>,03/Ga; 03
and the corresponding mechanisms. Finally, on the basis of the
obtained velocity and displacement of the electrons, the diffu-
sion coefficient is studied. In this work, all the properties are
discussed at different temperatures or electric field strengths.

As is known, mobility is an important parameter for
semiconductor devices such as transistors because it deter-
mines the power dissipation and switching speed.*?! To sim-
ulate the mobility properties of B-(Al,Gaj_,);03/Gay03,
some key parameters of the conduction band are required.
The calculated conduction band profile, the first subband
energy level and the corresponding wave function for f3-
(Alp.188Gap 812)203/Ga; O3 are demonstrated in Fig. 2(a).
Confinement of the 2DEG at the interface leads to the for-
mation of energy subbands because of the quantization of the
electronic band structure.?!! The ground wave function is
well localized with some penetration to the potential barrier
due to the finite conduction band offsets, which may induce
ADS. The variation of the calculated electron mobility in a 3-

0.4 2000

(a) o
L 7
0-3 —— Conduction band 11900 g
— - . —El Tv/
% 0.2 —— Wave function 3
<L 1000 &
& ’
Eg} 0.1 'E
€3 500 <
&
0 ]
0 7
_01 L L Il L L g
200 300 400 500 600 700 800
z-position (A)
——T=77K

—o—T=150 K
——T=200 K
—v—T=250 K
——T=300 K

103

102

Electron mobility (cm%V~1ls™1)

10 100
Field (kV/cm)

(Alp.138Gap 312)203/Gay O3 heterostructure with temperature
is displayed in Fig. 2(b). The reported theoretical and experi-
mental results!'313-16:191 are also provided for comparison. As
can be observed, when IRS, POP and ADP are separately con-
sidered, the corresponding electron mobility calculated is in
accordance with the reported theoretical result. When all five
different scattering mechanisms are included, the calculated
2DEG electron mobility (the solid green line in Fig. 2(b))
matches well with the experimental data at 100 K-300 K.
However, at low temperatures the calculated mobility is higher
than that in the experiment, mainly because the remote impu-
rity scattering (RI) and background impurity scattering (BI)
have a great impact on the doped heterostructures in the ex-
periment. This effect is negligible for the unintentionally
doped heterostructure in our model; therefore, when the con-
tributions of RI and BI are removed, the calculated electron
mobility is in good agreement with the experimental data, thus
confirming the validity of our model. Figures 2(c) and 2(d)
illustrate the electron mobility of B-(Al,Ga;_,)»03/Gay03
with different Al compositions versus the applied electric field
by MC simulation at different temperatures. In Fig. 2(c), the
mobility decreases with the increase in the temperature for a
fixed electric field, and the mobility for 10 kV-cm~! at 300 K

1

is approximately 153.669 cm?-V~!.s~!. This is because the

108
T (b)
e
5 S
(2] o T

10%E - ‘ A
\S/ %

AN

2 10%f e o o 0 %00 SR
= F—— IRS POP TR
3 ADP —IRS+POP+ADS+ADP+DIS‘O‘¢\;~&
g 10%F = -IRS from Ref. [13] Exp. from Ref. [13] b
o ADP from Ref. [13] Exp. from Ref. [13]
8 101 L ¢ Exp. from Ref. [15] Exp. from Ref. [16]
kst ®  Exp. from Ref. [19] >  Exp. from Ref. [13]
2 o (without RI and BI)
= 10 y

10 100
Temperature (K)

300

180
160
140

120

100

80

60

Electron mobility (cm%V~1ls™1)

4010 100

Field (kV/cm)
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Fig. 2. (a) Calculated energy band profile, ground state subband energy level and the corresponding wave function of a B-(Aly 133Gag g12)203/Ga, 03
quantum well at 300 K. (b) B-(Alp 138Gag.g12)203/Gay O3 low-field electron mobility as a function of temperature. The solid lines and dashed lines with
symbols represent the theoretical data, and the scatter dots denote the experimental data. Electron mobility as a function of the applied electric field in
(c) B-(Alp.138Gag 812)203/Gay O3 at different temperatures and (d) 3-(Al,Ga;_y),03/Ga; O3 with different Al compositions at 300 K.
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Fig. 3. Electron steady-state drift velocity as a function of the applied electric field in (a) B-(Aly.188Gag 812)203/Gay O3 at different temperatures,
and (b) B-(Al,Ga;_,)203/Ga, O3 with varying Al compositions at 300 K. The dashed lines with symbols represent the steady-state drift velocity of
B-Ga03. (c)—(f) Electrons’ occupancy as a function of the applied electric field in -(Alg 135Gag 812 )203/Ga, O3 at different temperatures.

total scattering rate increases with increasing temperature. The
electron mobility at room temperature decreases with the in-
creasing Al composition when the electric field remains con-
stant in Fig. 2(d), which is due to the fact that the impacts
of ADS, DIS, and IRS are strengthened by the increasing Al
content. 33!

To gain a good understanding of the electron mobil-
ity characteristic of B-(Al,Ga;_,)>,03/Ga; O3 heterostructures,
the microscopic behavior of the electrons must be investigated
in depth. As is known, steady-state electron transport is the
dominant transport mechanism in devices with larger dimen-
sions. For devices with smaller dimensions, however, tran-
sient electron transport must also be considered when evaluat-
ing device performance. Therefore, both the electron steady-
state drift velocity and the electron transient velocity of f-
(AL,Ga|_,),03/Gay O3 were investigated in this work.

The electron drift velocity versus electric field of S-
(AlyGa;_,)203/Gay O3 heterostructures is shown in Figs. 3(a)

and 3(b). In Fig. 3(a), both the peak and the saturation veloc-
ities are dependent on temperature. This is because the POP
rate increases significantly with increasing temperature. Be-
sides, at a fixed temperature, the dependence of the drift ve-
locity on electric field is almost linear at low electric fields.
After the electron drift velocity reaches its peak value, the
velocity decreases in response to further increase in the ap-
plied electric field. This behavior is a clear evidence of nega-
tive differential mobility (NDM). NDM occurs because elec-
trons in the I' valley will accelerate under high fields and
gain enough energy to transfer to the satellite valleys. As
can be seen in the electron occupancy curves in Figs. 3(c)—
3(f), the inter-valley deformation scattering becomes effective
when the electrons significantly populate the satellite valleys,
and the effective masses of the satellite valleys are higher than
that of the I" valley. Then, with a continued increase in elec-
tric field, the short-range intra-valley electron—phonon inter-
action would result in saturation of the velocity.**! Specif-
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ically, at 300 K with an electric field of 150 kV-cm™!, the
maximum drift velocity is 1.197 x 10’ cm-s~'. This im-
plies that §-(Al,Ga;_,)>03/GayO3 can tolerate a high volt-
age with steady performance. Figure 3(b) gives the electron
drift velocity versus electric field of 3-Ga,O3 for compari-
son. As can be observed, when the electric field is within
100 kV-cm™!, the steady-state drift velocities of both B-
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Gay03 and B-(Al,Ga;_,);03/GayO3 increase almost linearly
with increasing electric field. The average drift velocity de-
creases with the increasing Al content. This situation is due
to the increase in 2DEG density induced by the increasing Al
content: an increasing number of electrons are electrostatically
pushed closer to the heterointerface and the impact of IRS will
be enhanced.

100 @
§ First subband
= 80 Second subband
s —— Third subband
% 6ol —— Fourth subband
% —— Fifth subband
3 —— YT valley
Z 40+ —— M valley
o
B
O
L 20f
[6a]
Ve
0 1 2 3 4
100

—— First subband (e)

< 8o H — Second subband
: —— Third subband
9 —— Fourth subband
g 60 | —— Fifth subband
g —— YT valley
o —— M valley
° 40t
=}
9
B
O
L 20f "
o p—
0 . . .
0 1 2 3 4
100

First subband ()

2 sol —— Second subband

= —— Third subband

s —— Fourth subband

g 60 L —— Fifth subband

% — YT valley

3 —— M valley

o 40 +

=

o

-

bl

3 20r

= REVAG W
00 1 2 3 4

Time (ps)

Fig. 4. Transient electron velocity as a function of the applied electric field in $-(Aly 133Gag.812)203/Gay 03 at (a) 77 K, (b) 150 K, and (c) 300 K.
Inset: the transient electron velocity of $-GayOj3 (results from Ref. [5]). The electron occupancy of B-(Aly 188Gag g12)203/Gay O3 as a function of
time at 300 K with an applied electric field of (d) 50 kV-cm ™!, (e) 150 kV-cm™!, and (f) 300 kV-cm™!.

The electron transient characteristics of -
(Alp188Gag 812)203/Ga, 03 heterostructure are presented in
Fig. 4. Figures 4(a)—4(c) show the transient electron velocity
versus the applied electric field at different temperatures. In
the inset of Fig. 4(c) the electron transient velocity versus time
for B-GayOs is given for comparison. As can be seen, the crit-
ical electric fields corresponding to the significant overshoot

of B-(Al,Ga|_,),03/Gar03 and B-Ga,O3 are 100 kV-cm™!

and 300 kV-cm™!, respectively. Besides, for the same electric
field the peak transient velocities of §-GayO3 are lower than
those of B-(Al,Ga;_y)203/Ga;03. The overshoot is mainly
because the momentum relaxation time is much lower than
the energy relaxation time, and the time required for the tran-
sient process is of the same order of magnitude as the energy
relaxation time. It can also be observed that the peak transient
velocities are much higher than the peak velocities of elec-
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tron steady-state drift properties in Fig. 3(a) under the same
conditions. This is because in the ballistic regime the elec-
trons can acquire energy from the applied field without losing
energy to the lattice from scattering, and their velocity will
reach a higher value than in the steady state.>> Figures 4(d)—
4(f) show the time evolution of the electron occupancy in
B-(Alp.138Gag 812)203/Ga O3 at 300 K for different electric
fields. It can be seen that the population of electrons in the
first subband decreases at the beginning and that in higher sub-
bands gradually increases. However, most electrons are still
in the I" valley, therefore the drift velocity initially increases,
as shown in Fig. 4(c). As time progresses, electron excita-
tion to the higher subbands and valleys begins to dominate,
causing a decrease in the drift velocity. This phenomenon has
also been observed in MgZnO/ZnO heterostructures by MC

simulation. 3!
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Fig. 5. Longitudinal diffusion coefficients as a function of time for f-
(Alp.188Gap 812)203/Ga 03 at 300 K for different applied electric fields. In-
set: longitudinal and transverse diffusion coefficients as a function of the
applied electric field for B-(Alg.188Gag 812)203/Ga; O3 at 300 K.

It is known that diffusion arises from the correlation be-
tween the velocity and displacement of particles, and the
diffusion coefficient is of great significance in the study of
the effect of carrier diffusion on the microwave characteris-
tics of integrated B-(Al,Gaj_,),03/Ga03 devices.!*®! Fig-
ure 5 presents the longitudinal diffusion coefficient (D)) ver-
sus time for different electric fields at room temperature. As
can be seen, D| sharply increases within the first 1 ps, then
decreases with time and finally approaches zero. Because
the diffusion coefficient is related to the correlation function

136] and the transient

of the velocity fluctuation for electrons,
electron velocity V; will lose its correlation with V; = 0 with
time due to the irregular fluctuations of the velocity in f3-
(Alp.188Gag 812)203/GayO3. The inset shows DH and the trans-
verse diffusion coefficient (D) versus electric field for 8-
(Alg.138Gag 812)203/Ga, 03 at 300 K. DH < D in the whole

range of electric field is caused by the anisotropic effect of the

crystallographic orientation.*”! This phenomenon is a signifi-
cant feature of multivalley semiconductors!3®! and can also be
found in GaAs by MC investigation. [3%]

4. Conclusion

In summary, a three-valley ensemble MC simulation is
presented for detailed investigation of the electron transport
characteristics of B-(Al,Ga;_,),03/Ga;O3 heterostructures.
The electronic band structures are obtained by first-principles
calculations, and the results are important parameters used in
our simulations. Considering the quantization effects in the I”
valley, the wave functions and energy levels are obtained by
iterative calculation and then used to compute the scattering
rates of the 2DEG. The achieved electron mobility matches
well with the experimental data, therefore proving the valid-
ity of our models. For B-(Al,Ga;_,);03/Ga,03, the electron
mobility decreases when the Al content increases for a fixed
electric field. A region of negative differential mobility can be
observed in the velocity—field characteristics. At room temper-
ature, the steady-state electron velocity could reach the order
of 107 cm-s~! at 150 kV-cm~!. Furthermore, a pronounced
anisotropy of the diffusion coefficient is found. This work
provides detailed information regarding the transport proper-
ties of B-(Al,Ga;_,)203/Gay O3, which is essential knowledge
that will benefit the design and fabrication of high-quality -
(Al,Ga;_,)>03/Gay O3 heterostructure-based devices.
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