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Magnetoresistance and Hall resistance measurements have
been used to investigate the electronic transport properties
of AlGaN/GaN based HEMTs. The Shubnikov—de Haas
(SdH) oscillations from magnetoresistance, is obtained by
fitting the nonoscillatory component to a polynomial of
second degree, and then subtracting it from the raw ex-
perimental data. It is shown that only first subband is occu-
pied with electrons. The two-dimensional (2D) carrier den-
sity and the Fermi energy with respect to subband energy

1 Introduction The GaN and AIN are ideal materials
for the construction of blue/green light-emitting devices
(LEDs and lasers) and transistors intended to operate at
high power and high temperatures because of their wide
band gap structure [1].

There are three main techniques used in the evaluation of
the transport properties of GaN/AlGaN heterostructures,
namely, magnetotransport, cyclotron resonance absorption
under high magnetic field and Raman spectroscopy [2].
The wide band gap energy, high electron mobility, high
saturation drift velocity, high breakdown voltage and good
thermal conductivity in GaN/AlGaN heterosutructure open
new areas in their usage for wide range high- temperature,
high frequency and high power applications [3,4].

Despite the progress in the development of devices, many
fundamental materials parameters of GaN/AlGaN still re-
main to be fully understood. The sound knowledge on

(E—E)) have been determined from the periods of the SdH
oscillations. The in-plane effective mass (m*) and the
quantum lifetime (z,) of electrons have been obtained from
the temperature and magnetic field dependencies of the
SdH amplitude, respectively. The in-plane effective mass
of 2D electrons is in the range between 0.19 m, and 0.22
my. Our results for in-plane effective mass are in good
agreement with those reported in the literature.
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these parameters, such as effective mass, is important for
the exploration and optimization of this material system in
device applications.

In this work we report the results of effective mass, quan-
tum lifetime, Dingle temperature of the 2DEG in Al-
GaN/GaN based HEMTs which are determined from the
orthodox SdH measurements.

2 Experiment Van der Pauw samples were used in the
experiments and the measurements were carried out in
darkness. The resistance (Ryy) along the applied current
was measured as a function of temperature at fixed mag-
netic field. Applied voltage was kept low enough to ensure
ohmic conditions, hence to avoid carrier heating. The
measurements were performed in a four terminal configu-
ration in a cryogen-free superconducting magnet system
(Croyogenics Ltd.). The conventional DC technique was
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used in combination with a constant current—voltage source
Keithley 2400, a switch system Keithley 7100, a nano-
voltmeter Keithley 182A, and a temperature controller
Lakeshore 340. The current flow was in the plane of the
samples and magnetic field was perpendicular to both the
current and the sample plane.

3 Results and discussions A typical example for the
temperature dependence of magnetoresistance is shown in
Fig. 1. Here the data sets measured at three different tem-
peratures only are presented for clarity. The oscillation
amplitude of the magnetoresistance reduces with increas-
ing temperature in accordance with the usual thermal
damping factor It is also evident that the oscillatory effect
is superimposed on a monotonically increasing component,
which occurs as a result of positive magnetoresistance
probably in the barriers [5]. This may affect the accuracy
of the determination of oscillation amplitude, particularly
at elevated temperatures. A widely used method to exclude
the effects of the background magnetoresistance (R,) and
to extract the SdH oscillations is obtained by fitting the
nonoscillatory component to a polynomial of second de-
gree, and then subtracting it from the raw experimental
data [4]. This technique does not change either the peak
position or the period of the oscillations. Figure 2 shows
the SdH oscillations at 7= 1.8 K for AlIGaN/GaN sample.
The oscillations are sinusoidal with well-defined envelopes
and are almost symmetrical about a horizontal line.
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Figure 1 The magnetoresistance (R,,) as a function of magnetic
field for the AIGaN/GaN sample measured at three different tem-
peratures.

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

15
10 Iy
B e o
: L & ]
5+ ‘ ] : IS o Y '.‘I
= ‘23'.'-‘-'{.".:“ To ete e
S o ostee L tetes [l 1] .
= lse. e%ee Y |
] " .%% . 0% e’ % 0o |
@ ""7. |7 o0 |® T e |
= » 0 o .
S5 L ] & : .+ ®e .I' o/
i o
KT s .
_15 1 1 1 1 1
5 6 7 9 10 11
AT)

Figure 2 Oscillating components of the magnetoresistance
(AR,,) obtained by subtracting the nonoscillating components
from the raw experimental data given in Fig. 1.
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Figure 3 Temperature dependence of the normalized amplitude

of the oscillation peak at a fixed magnetic field of B, measured

for AlGaN/GaN. The data points are represented by the full cir-
cles. The curve is the best fit of Eq. (1) to the experimental data.

Figure 3 shows the determination of effective electron
mass graph of AlIGaN/GaN at a steady current / = 250 pA
(F=1.426 V/m) and a magnetic field B,= 10.48 T. The in-
plane effective mass m* can be extracted from the tem-
perature dependence of the SdH amplitude at constant
magnetic field using [5-7]

2 *
T.sinh| 2% ksm* Ty
A5 _ e (M)
A(T,,B,) 2 m*
(Ty.B,) To.sinh[zﬂ kgm TJ
heB,

where A(T,B,) and A(T,,B,) are the amplitudes of the oscil-
lation peaks observed at a magnetic field B, and at tem-
peratures 7 and T, respectively. The in-plane effective

WWW.pss-c.com



Phys. Status Solidi C 8, No. 5 (2011)

Contributed
Article

1627

mass of 2D electrons are then determined by fitting the ex-
perimental data for the temperature dependence of
A(T,B,)/A(T,,B,) to Eq. (1). The effective electron mass for
AlGaN/GaN is m.*= 0.206m, Our result for m* of 2D
electrons in AlGaN/GaN is in good agreement with the
bulk effective mass in GaN [3, 10, 11]. Therefore, this in-
dicates that both the nonparabolicity of the conduction
band of GaN and the wavefunction penetration into the
AlGaN barrier layer have no significant effect on m* of 2D
electrons. Our experimental datas are also consistent of
theoretical results by other research groups [3, 10, 11].

The quantum lifetime (z;) can be determined from the
magnetic-field dependence of the amplitude of the SdH os-
cillations (i.e. Dingle plots) at a constant temperature pro-
vided that the electron effective mass is known [5, 7, 9].
Figure 4 shows an example of Dingle plot for AlGaN/GaN.
There is a good agreement between the experimental data
and the straight line described by [7, 9]

1 [ A(T,B,).B;" sinh y Tm* 1
" —C— -
N
where y =27k, T/ (hw,), w.(=eB,/m*) is the cyclo-

2

tron frequency and C is a constant. The quantum lifetime,
obtained from the slope of the Dingle plot using Eq. (2) to-
gether with the measured values of m*, is 7,=0.109 ps.
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Figure 4 Determination of the quantum lifetime for AlIGaN/GaN.
The data points are represented by the full squares. The straight
line is the least-squares fit of Eq. (2) to each set of the experimen-
tal data.

2D electron density, Fermi energy and the separation of the
subbands can be found from SdH oscillations period. To
measure SdH oscillation’s period two different methods
are used. For the first method, in experimental R,,(B) data
SdH oscillation peaks are numbered than the magnetic
field (B,) value for the peaks are determined. The period of
the SAH oscillations has been obtained from the plots of
the reciprocal magnetic field (1/B,), at which the nth peak
occurs, against the peak number (7). If the electrons in
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only one subband participate in the SdH oscillations, the
graph of 1/B, versus n gives a straight line, the slope of
which yields the oscillation period, A(1/B) (the figure in-
side Fig. 5). For the second method, Fourier transform is
applied on experimental R,,(B) data. The peak number in
Fourier transform is equal to number of full subbands.
Each peak corresponds a different oscillation period. Oscil-
lation period can be calculated from

)

AP}N(NL e eh
B m—-1 7ahN,, m*(E.—-E))

where N=2" is number of data, Ar=(1/Buin-1/Bumax)/N) (T,
m is the number read from the horizontal axis that the peak
occurs on FFT power spectra. The Fourier analysis of the
SdH oscillations confirms that, for the sample studied; only
the first subband is populated [4]. Figure 5 shows clearly
that there is no evidence for the population of higher sub-
bands or for any contribution from higher harmonics. The
2D carrier density and Fermi energy for the sample ob-
tained from the oscillation period using Eq. (3) together
with the in-plane effective mass m* of 2D carriers are: N,p
=9.67x10'" m? and Eg-E, = 115.7 meV.
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Figure 5 Obtaining SdH oscillation period for AlGaN/GaN het-
erostructures. The full circles correspond to the data determinated
from fast Fourier spectrum of the oscillations given in Fig. 2. The
insert shows the data obtained from SdH oscillation amplitude
and the straight line is the least-squares fit to the experimental
data.

4 Conclusion The in-plane effective mass of Al-
GaN/GaN heterosutructures is obtained using temperature
dependence of the SdH amplitude at constant magnetic
field. The effective electron mass for AlGaN/GaN is ob-
tained from the measurements as m.* = 0.206m, The
quantum lifetime (z,) is obtained using magnetic field de-
pendence of the SdH amplitude together with the measured
value of m*, is 7, = 0.109 ps The 2D carrier density is ob-
tained from the SdH oscillation period as N,p= 9.67x10'°

m?.,
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