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Magnetotransport measurements are carried out on the AlIGaN/AIN/GaN in an SiC heterostructure, which demon-
strates the existence of the high-quality two-dimensional electron gas (2DGE) at the AIN/GaN interface. While the
carrier concentration reaches 1.32x10' cm™2 and stays relatively unchanged with the decreasing temperature, the
mobility of the 2DEG increases to 1.21x10% cm2/(V-s) at 2 K. The Shubnikov—de Haas (SdH) oscillations are observed
in a magnetic field as low as 2.5 T at 2 K. By the measurements and the analyses of the temperature-dependent SAH
oscillations, the effective mass of the 2DEG is determined. The ratio of the transport lifetime to the quantum scattering
time is 9 in our sample, indicating that small-angle scattering is predominant.
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1. Introduction

The III-nitride materials have the advantages of
wide bandgap, high breakdown field, high satura-
tion electron velocity and excellent radiation hard-
ness. They have attracted particular attention due to
their application in high-frequency, high-temperature
and high-power electronic devices.[!! Among the III-
nitride materials, the AlGaN/GaN heterostructure is
a new low-dimensional semiconductor material with a
strong polarization-induced electric field and a large
conduction-band offset.[?) Some experimental studies
have shown that the insertion of a thin AIN interlayer
can indeed result in an improvement in the quality.!34]
Consequently a detailed study on the transport prop-
erties of the 2DEG in the AlGaN/AIN/GaN het-
erostructure is important for the development of low-
dimensional semiconductor physics.

2. Sample fabrication

AlGaN/AIN/GaN heterostructures were grown
on an SiC substrate using metal-organic chemical
vapour deposition (MOCVD). The heterostructure
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consisted of an unintentionally doped GaN buffer, a
1 nm-thick AIN interlayer, an undoped 14 nm-thick
AlGaN barrier layer, and a 2 nm-thick GaN cap layer.
The Al mole fraction was determined by using the
X-ray diffraction to be 30%. To perform the mea-
surement, the sample material was made into the
hall bar geometry through reactive ion etching (RIE)
with Cly; as shown in Fig. 1. Ohmic contacts con-
sisting of Ti/Al/Ni/Au were annealed in a nitrogen
ambient at 840 °C for 30 s. Then the sample was pack-
aged in CQFP24 and was fixed at the bottom case of
the package by the Au/Sn alloy bonding. The gold
leads were bonded to the base pins of the package.
Magnetotransport measurements were carried out on
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Fig. 1. Eight-contact 1-3-3-1 Hall bar geometry.

*Project supported by the National Basic Research Program of China (Grant No. 2011CB309606).

TCorresponding author. E-mail: xhma@xidian.edu.cn

(© 2011 Chinese Physical Society and IOP Publishing Ltd

http://www.iop.org/journals/cpb  http://cpb.iphy.ac.cn

097302-1



Chin. Phys. B Vol

. 20, No. 9 (2011) 097302

the sample using a physics property measurement
system in a temperature range from 2 K to 20 K.
The Shubnikov-de Haas (SAH) oscillation effect was
used to extract important 2DEG transport parame-
ters. The standard, low-frequency, and low-current

lock-in techniques were used.

3. Results and discussion

The existence of the AIN insert layer enhances
the conduction band offset and reduces the penetra-
tion of the electron wave function into the AlGaN
barrier. Therefore the scatterings at the rough inter-
face and due to the dislocation in the bulk each play
an important part in affecting the transport char-
acteristics of the 2DEG, especially at the cryogenic
temperature. One of the results is the great increase
in mobility.l>® Figure 2 shows that the carrier con-
centration n hardly changes from 10 K down to 2 K,
indicating that the parallel conduction is not signifi-
cant. The mobility pu does not change from 20 K to
2 K either. The relation between these two parameters
and the temperature is very important for characteriz-
ing the 2DEG behaviour.[”) The mobility of the 2DEG

1.320F

1.315F

1.310

1.305

l\

n/10'3 cm—2

1.300 jmm
1.295 -|
=

, (a)

0 100 200 300 400 500
100071 /K1

1.290

1.2} gu—uE—-E—u

1.0F

_._.\

0.6

0.4

p/10% cm?2.v—1l.s71

0.2

(b)
0 100 200 300 400 500
100071 /K1

o

Fig. 2. Variations of (a) concentration and (b) mobility
of 2DEG with temperature.

at 2 K is 1.21x10* cm?/(V-s) and is an order of mag-
nitude higher than that at room temperature, which
is due to the suppression of the phonon scattering at
lower temperature.®9 The variations of reduced con-
ductances X = 0,,/00 and Y = 20,,/0¢ with mag-
netic intensity B are shown in Fig. 3, where 044, 04y,
and oy denote the reluctance conductance, the hall
conductance, and the conductance in zero magnetic
field, respectively.

As shown in Fig. 3, when X = 0.5, Y reaches
its minimum under the same B, which suggests that
there is only one kind of carriers participating in the
conduction. 1]
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Fig. 3. Variations of reduced conductances X and Y with
B.

The SdH measurement at several temperatures
was performed to further study the transport proper-
ties of the 2DEG. Figure 4 shows that when B is close
to 4 T at 4.2 K and higher than 2.5 T at 2 K, the on-
set of the SAH oscillations of magnetoresistance R,
is observed, which is a clear indication of the reduced
scattering. It can be observed at temperature as high
as 10 K in our experiment but disappears at 20 K. The
minimum of R,, decreases with the increasing field,
which indicates the absence of significant parallel con-
ductance. The fast Fourier transform (FFT) spectrum
has been obtained, each peak corresponds to the oscil-
lation frequency of a subband. In Fig. 4, there is only
one dominant peak, indicating that only one subband
is occupied by electrons despite the high n. The quan-
tum Hall plateaus in the Hall resistance observed at 2
K, as can be seen in Fig. 5, are clear evidence of the
high-quality 2DEG. It is worth taking a moment to
flag the fact that plateaus are rarely observed in the
traditional AlIGaN/GaN structures under the same ex-
perimental conditions. Though their widths are short
because of the high n and the relatively weak fields,
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they still indicate the good quality of the structures.
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Fig. 4. Magnetoresistance Rz, as a function of B. The
inset shows the FFT spectrum of the SdH data.
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Fig. 5. Hall resistance Ry as a function of B. The inset
shows the magnified high field data.

The amplitude of the SAH oscillation A as a func-
tion of temperature can be expressed as In(A/T) =~
C — (2n%kpm* /ehB)T, where kg is the Boltzmann
constant, e is the charge of an electron, m* is the
electron effective mass, and /i is the reduced planck
constant. Using the fitting line shown in Fig. 6, we
can derive that 2m2kpm*/ehB = 0.49857. When
B =6.74 T, the electron effective mass m* = 0.23my,
which is in agreement with the results obtained by El-
hamri et al.''l The quantum scattering time 7, can
be extracted from the magnetic field dependence of
the amplitude of the SAH oscillation.'? Figure 7 is
plotted according to the equation In[ABsinh(x)] =
C" — (mm* /ety B), where x = 2n%kpT/hw., with w,
the cyclotron frequency.

By calculating the slope of the fitting line, a value
of 0.176 ps is obtained for 74. The classic scattering
time 7. = 1.584 ps can be obtained using u = er./m*.
The ratio of 7. to 74 can often reflect the dominant
scattering mechanism, which is expected to be near

unity in the case that the interface scattering domi-
nates. When the small-angle scattering is more im-
portant, the ratio will be larger. The ratio is 9 in our
sample, indicating that the small-angle scattering is
predominant in the structure.
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Fig. 6. In(A/T) versus T when B = 6.74 T.
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Fig. 7. Linear fitting of the SAH data at 4.2 K.

4. Conclusion

We report the magnetotransport properties of the
2DEG in an AlGaN/AIN/GaN/SiC heterostructure.
The relationships between p, n and temperature are
studied by using the Hall measurement at different
temperature. Only one kind of carrier is found to
participate in the conductance at the cryogenic tem-
perature. By analysing the SdH effect, we are able
to extract important 2DEG transport parameters and
find that the AIN layer significantly reduces the overall
scattering, resulting in a distinct improvement in the
mobility at low temperatures. Using the SdH data,
we calculate the effective mass of the 2DEG and the
quantum scattering time, reaching a conclusion that
the small-angle scattering is predominant in the struc-

ture. The results show the importance of the SAdH
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measurements, because they provide much more in-

formation about the structure than the typical Hall

measurements.
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