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Absgtract : Magnetotransport properties of two-dimensional electron gases (2DEG) in AlxGa:- x N/ GaN hetero-
structures with different Al compositions are investigated by magnetotransport measurements at low temperatures
and in high magnetic fields. It is found that heterostructures with alower Al composition in the barrier have lower

2D EG concentration and higher 2D EG mobility.
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1 Introduction

AlxGai- x N/ GaN heterostructures have been
extensively studied because of their applications
for high-power, high-frequency,and high-temper-
ature microwave devices!" * . The performance of
electronic devices based on AlxGai- xN/ GaN het-
erostructures depends on the transport properties
of the two-dimensional electron gas (2D EG) con-
fined in the triangular quantum well at the
AlxGa:i- xN/ GaN heterointerface. Due to the large
conduction band offset and the large polarization-
induced field in AlxGai- x N/ GaN heterostruc-
tures,a 2D EG with large sheet carrier concentra-
tion can be obtained. The conduction band offset
and the polarization-induced field are influenced
by the Al composition. In this paper ,the transport
properties of 2DEGs in AlxGai- x N/ GaN hetero-
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structures with different Al compositions are in-
vestigated by magnetotransport measurements.

2 Experiment

Two samples of modulation-doped AlxGas- x
N/ GaN heterostructures were used in this study.
The samples were grown by metalorganic chemi-
cal vapor deposition (MOCVD) on the (0001)
surface of sapphire substrates. A nucleation GaN
buffer layer was grown at 488 ,followed by a
2. Q) mrthick unintentionally doped GaN (i-GaN)
layer deposited at 1071 Then a Si-doped
AlxGai- xN (n-AlGaN) layer with a thickness of
25nm was grown at 1080 .Between the n-AlGaN
and i-GaN layers, a 5nm-thick unintentionally
doped AlxGai- xN/ GaN (i-AlGaN) spacer was in-
corporated to reduce ionized impurity scattering.
The Al composition of samples 1 and 2 are x =
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0. 15 and x = 0. 22. X-ray diffraction measure-
ments indicate that the Al«Gai- x N/ GaN hetero-
structures fabricated here are of high quality.
Magnetotransport measurements were per-
formed over the magnetic-field range of 0 10T
at 1. 5K. The sample was in van der Pauw geome-
try. The Al/ Ti Ohmic contacts were prepared by
e-beam evaporation and rapid thermal annealing.

3 Resultsand discussion

Figure 1 shows the longitudinal resistance Rx
as a function of magnetic field for the AlxGas- x-
N/ GaN heterostructure at 1. 5K. Ru« increases
with the magnetic field due to the parallel con-
ductance. The oscillatory part Ap« of the magne-
toresistivity is expressed as'*’

A X -TT JE

T%f - 2sinh()()exp JJ €O . ]
where X = Jt?ks T/HO. 0. = &B/ m , € =
TR n/ m’ is the Fermi energy T4 is the quantum
scattering time, B is the magnetic field, ks is the
Boltzmann constant, T is the absolute tempera-
ture,his the reduced Plank constant ,and n is the
sheet electron concentration of the 2D EG.
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Fig.1 Magnetoresistance Rx of the 2DEG in the
AlxGai- x N/ GaN heterostructures as a function of
magnetic field B at 1. 5K

In order to obtain the oscillation frequency,
which is periodic in B ', fast Fourier transform
(FFT) analysis was used. The data are shown in
Fig.2. The Shubnikov-de Haas (SdH) frequency f
only depends on the 2D EG concentration: f =
hn/ 2e, where h is Planck’ s constant. From the
frequency ,the 2D EG concentrations in samples 1
and 2 are n; =4 98 x10“cm™? and n, = 9 33 X
10”cm” ?. Sample 2 has a much larger 2D EG con-
centration than sample 1. In AlxGai- xN/ GaN het-
erostructures,the band offset is very large, resul-
ting in a deep triangular quantum well. Piezoelec-
tric doping can also contribute to the large 2DEG
concentration. The 2DEG concentration in
AlxGai- x N/ GaN heterostructures can be very
large. Comparing the 2DEG concentration be-
tween sample 2 and our sample in Ref. [5],the
doping in the barrier has little effect on the con-
centration. The large concentration mainly comes
from the piezoelectric doping. With the increase
of Al composition in the barrier,the band offset
and the piezoelectric effect become large. Sample
2 has a much larger 2DEG concentration than
sample 1 . The Al concentrationin the barrier has
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Fig.2 Fast Fourier transform of the magnetoresist-
ance oscillation of the AlxGai- x N/ GaN heterostruc-
tures at 1. 5K
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a strong influence on the 2D EG concentration.

The quantum scattering time, also called the
single-particle lifetime T4 differs from the more
commonly used transport lifetime,or the classical
scattering timeT. in that the former includes all
scattering events while the latter is dominated by
large-angle scattering events. The quantum scat-
tering time is a measure of the collision broade-
ning of the broadened L andau levels and is related
to the half-width of the broadened L andau level
byl = W Z qand can be obtained from the ampli-
tude of the SdH oscillations at a given tempera-
ture using a“ Dingle plot”. At a fixed temperature
T,we can evaluate the quantum scattering time
from the slope of the line described by

In[_:L AR  sinh(x)) _ . Tm” 1
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The quantum mobility M4 of the 2D EG can be ob-
tained by g = &q/ m . The quantum mobility
was extracted from the Dingle plot of our data.
The result is shown in Fig.3. The 2D EG quantum
mobility in samples 1 and 2 are 1854 and
1595cm?/ (V - s). Sample 1 has larger quantum
mobility. With the increase of the Al composi-
tion,the triangular quantum well becomes narrow
and the electron wave function comes closer to
the heterointerface. The interface scattering
strongly affects the 2D EG mobility. A large Al
composition results in a large alloy disorder,
which contributes to the scattering. Therefore,the
sample with low Al composition in the barrier has
higher 2D EG mobility.

4 Conclusion

Magnetotransport properties of the 2DEG in
AlxGai- x N/ GaN heterostructures with different
Al compositions have been investigated by magne-
totransport measurements at low temperatures
and high magnetic fields. With the increase of Al
composition in the barrier ,the band offset and the
piezoelectric effect become large. The triangular
quantum well becomes narrow and the electron
wave function comes closer to the heterointer-
face . Theinterface scattering strongly aff ects the

2D EG mobility. A large Al compaosition results ina
large alloy disorder ,which contributes to the scat-
tering. Therefore, heterostructures with lower Al
composition in the barrier have a lower 2DEG

concentration and higher 2D EG mobility.
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1/Bfor T=1 5K
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