Intrasubband transitions in cubic
AlN/GaN superlattices for detectors
from near to far infrared
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We report the growth of cubic GaN/AlN superlattices by
plasma-assisted molecular beam epitaxy on 3C-SiC substrates. The samples consist of 100 nm thick unintentionally doped GaN buffer and 20-40 period superlattices of
silicon doped GaN quantum wells embedded in undoped
AlN barriers. The thickness of the AlN barriers is varied
between 1.5 nm-3.2 nm, while the thickness of the GaN
well varies between 1.5 nm-12.5 nm. The growth was
controlled by in situ reflection high energy electron dif-

fraction. The structural properties of our samples were
studied by high resolution x-ray diffraction. Two superlattice satellite peaks in the x-ray spectra reveal a high
structural perfection of the active region. Clear evidence
for inter- and intrasubband transitions was observed in
photoluminescence, absorbance and photoconductivity
spectra measured at room temperature. Model calculations show the possibility to fabricate devices for the
near- and far infrared region.
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1 Introduction
Intrasubband transitions in superlattices (SL) form the
basis for optoelectronic devices like quantum well infrared
photodetectors and quantum cascade lasers [1]. Due to the
large band gap difference between AlN and GaN this
group of III-nitrides offers intrasubband transitions tunable
over a wide spectral range. In hexagonal GaN and AlN
strong intrinsic piezoelectric and pyroelectric fields are
present at the hetero-interfaces. These built in fields are
undesirable for optical devices, which for example use intersubband transitions in thick SL structures. Growth of the
metastable cubic phase of GaN and AlN is a possibility to
avoid these built in fields, because of the cubic crystal
symmetry. This makes the cubic system a very promising
candidate for device fabrication. It has already been shown
by infrared absorbance measurements that the technologically important 1.5 µm infrared region can be reached using cubic GaN/AlN superlattices [2, 3].
2 Experimental
All samples containing quantum structures were grown
by plasma assisted molecular beam epitaxy (MBE) at
Tsubstrate=720 °C on 10 μm thick 3C-SiC on top of Si. A

100 nm thick cubic GaN (c-GaN) buffer layer was deposited on the 3C-SiC substrate. The c-GaN layers were
grown under a 1 ML Ga coverage while the thickness of
the c-AlN layers was controlled by reflection high energy
electron diffraction (RHEED) oscillations. Further details
about growth of c-GaN are given in [4]. For our first series
of GaN/AlN samples (series A) superlattices with 20 periods were grown. The thickness of the AlN barriers was 1.5
nm and the well width of the GaN quantum wells was varied between 1.6 nm and 2.7 nm. The SL was followed by
another 100 nm thick c-GaN cap layer. During deposition
of the SL, growth was interrupted for 20 s after each layer.
This procedure allowed excess metal to evaporate from the
surface. For the second series of samples (series B) the
thickness of the c-GaN cap layer was reduced to 10 nm to
minimize absorption in the cap layer for PL measurements.
The number of SL periods was increased to 40 to increase
the absorption in the active layer. The thickness of the cAlN barriers was 3.2 nm and the thickness of the c-GaN
wells in series B was varied between 2 nm and 12.5 nm.
Structural properties of our samples were characterized by
high resolution x-ray diffraction (HRXRD). From the diffraction profiles lattice parameter and the relaxation of the
superlattice samples were measured.
© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 1 RSM of the (113) reflex for a sample of series B.
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Figure 2 Room temperature absorbance and photoconductivity
(T=77 K) spectra of a sample of series A with 1.6 nm GaN QWs.
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3 Results and discussion
3.1 High resolution X-ray diffraction From
asymmetrical reciprocal space maps of the (113) reflex of
the superlattices grown on c-GaN one can investigate the
relaxation of the superlattices. The lattice period of the superlattice samples is determined from ω−2θ scans
using a high resolution x-ray diffractometer. In Ref. [3] we
showed that samples with the structure of series A are
pseudomorphically strained to the buffer layer. Fig. 1
shows an asymmetrical reciprocal space map of the (113)
reflex of a sample of series B. The positions of the superlattice satellites reveal that the superlattice has a lattice parameter slightly different from that of the buffer layer. This
can be explained by the thicker AlN barriers. Due to the
comparable volume fraction of c-GaN and c-AlN a lattice
parameter between c-GaN and c-AlN is formed within the
superlattice resulting in a strain distribution. Another difference between series A and B: series B has a thinner cap
layer which does not strain the SL from the top side. From
the positions of superlattice satellites in ω−2θ scans of the
(002) reflex the lattice parameter of the superlattice was
calculated. Furthermore the thicknesses of the single layers
were estimated from HRXRD simulations using dynamical
scattering theory [6]. The obtained layer thicknesses are in
good agreement with those measured by RHEED.

3.2 Infrared absorbance/photoconductivity Figure
2 shows the infrared absorbance spectrum and the photoconductivity spectrum of a series A sample with 1.6 nm
thick GaN wells and 1.5 nm AlN barriers. We observe
clear absorption in the infrared region. We find the same
peak wavelength for absorbance and photoconductivity.
From the symmetric shape of the absorption and photocunductivity band we conclude, that the observed transition is a transition between two separated minibands since
a transition from a miniband to the continuum state would
cause a stronger asymmetry of the spectrum. In the following we define the absorbance peak energy in the spectra as
the intrasubband transition energy. We observe absorbance
with peak energies between 800 meV and 600 meV (1.5
μm-2.1 μm).

absorbance (a.u.)

Bound state energy levels are calculated using a
Poisson-Schrödinger solver (1D Poisson) [5]. Energy differences between the bound states are calculated for different well and barrier widths. These calculated values for intra- and intersubband transitions are compared to the experimental data of PL and infrared absorption measurements.

3.3 Photoluminescence spectroscopy The room
temperature photoluminescence spectra for series A and B
are plotted in Fig. 3 and Fig 4. Clear luminescence corresponding to intersubband transitions in the superlattice is
observed. In addition a clear red shift of the emission energy with increasing well width is measured. The fact that
luminescence of the superlattice can be observed proves
the high structural quality of the samples and the presence
of subbands. The larger linewidths for thinner QWs can be
explained by the increased influence of roughness and
thickness fluctuations on the transition energy for thin
QWs. The luminescence of series B shows minor noise and
no luminescence of bulk GaN due to the thinner cap layer
and the increased number of periods. For this series of
samples the transition energy shift saturates for well widths
exceeding 11 nm. As excitation source a HeCd laser emitting at 325 nm was used.
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Table 1 Parameters used for transition energy calculations [7-12].

QW-thickness
1.6 nm
1.8 nm
2.0 nm
2.5 nm
2.7 nm

normalized PL intensity

1.0
0.8
0.6
0.4

c-AlN

c-GaN

EG
m*hh/m0
m*lh/m0
me/m0
aC
c11
c12
ΔEC:ΔEV

5.9 eV
1.2
0.33
0.19
-2.77 eV
296 GPa
156 GPa

3.2 eV
0.8
0.18
0.15
-6.8 eV
304 GPa
152 GPa

3.2

3.4

3.6

3.8

4.0
3.8

energy (eV)

0.8
0.6

energy (eV)

QW-thickness
2 nm
3 nm
5 nm
11 nm
12.5 nm

1.0

3.6
3.5
3.4
3.3
3.2

0.4

calculation A
exp. data A
calculation B
exp. data B

3.7

Figure 3 Room temperature PL spectra of sample series A.

normalized PL intensity

60:40

Figure 5 shows calculated and experimental data for
intersubband transitions. Experimental and calculated values show only small deviations over a wide spectral range.
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Figure 4 Room temperature PL spectra of sample series B.

The transition energy of the superlattice photoluminescence is compared to calculated values for
intersubband transitions using a one dimensional
Poisson-Schrödinger solver. For the transition energy calculations a conduction band to valence band offset ratio of
60:40 was assumed. Strain induced modification of the
band gap energy was also taken into account using the deformation potentials given in Table 1.
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Figure 5 Calculated intersubband transition energies for series A
(black curve) and B (green curve) and experimental data from
photoluminescence spectroscopy for series A (red dots) and B
(blue squares).

The calculated electronic intrasubband transition energies for both series of samples are plotted in Fig. 6 versus
QW width. The calculated values for series A are represented by the black line and the measured values by red
dots. We find good agreement between calculated and
measured transition energies. The deviations between experimental and calculated data can be explained by thickness fluctuations in the superlattice. The agreement between calculation and experiment from two independent
measurement methods shows that our calculations describe
this system very well.
The green dash-dotted line shows a calculation assuming the structure of series B samples however no experimental data are available for this series yet.
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The calculated data shown in Fig. 6 demonstrate that
intrasubband transitions in cubic III-nitride superlattices
can cover the spectral range from infrared 800 meV (1.5
μm) down to the terahertz region 28 meV (45 μm). Far infrared absorption measurements with our samples are currently under way.
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Figure 6 Calculated intrasubband band transition energies for
series A and B (black and green dotted line) and experimental
data from absorbance spectroscopy for series A (red dots).

4 Conclusions
Nonpolar zincblende GaN/AlN superlattices with intersubband transitions in the range of 3.2 eV-3.7 eV and
intrasubband transitions in the spectral range of
0.6 eV-0.8 eV were fabricated by plasma assisted molecular beam epitaxy. The thicknesses of the single layers were
observed in-situ by RHEED and confirmed by HRXRD
measurements and simulations. Inter- and intrasubband
transitions were observed at T=300 K. We find a red shift
with increasing well width in PL and absorption/photoconductivity measurements due to smaller confinement energies. The experimental results are compared
to calculated values using a one dimensional PoissonSchrödinger solver showing good agreement. Our experiments together with the model calculation show that superlattice structures based on cubic III-nitrides can form the
basis for devices operating in the near and far infrared region.
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