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Optical absorption spectra related to intersubband transitions in molecular beam epitaxially grown
nonpolar cubic-GaN/AlN superlattices were observed in the spectral range of 1.5–2.00 �m. The
background doping was measured using an electrochemical capacitance-voltage technique and
found to be on the order of 1018 cm−3. This doping level yields a Fermi energy level slightly above
the ground state energy level enabling intersubband transitions to occur. The existence of the
intersubband transition is verified in several samples with different well widths. The observed peak
position energy of the intersubband transition is compared to those calculated using a transfer matrix
method. © 2007 American Institute of Physics. �DOI: 10.1063/1.2764557�

In recent years, progress in hexagonal III-nitride epitax-
ial growth has extended the applications of this material sys-
tem from the ultraviolet region to the near-infrared spectral
region.1–6 The ability to engineer quantum well structures
consisting of Al1−xGaxN and GaN over a wide spectral range
is made possible by the considerable conduction band offset
between the two binaries AlN and GaN ��1.8 eV�.7 It is the
magnitude of this band offset that theoretically enables the
tuning of intersubband transition wavelengths towards the
technologically important wavelengths such as 1.55 �m.
Great strides in understanding the growth kinetics of hexago-
nal nitride materials have enabled steady progress in the
growth and fabrication of detectors based on the intersub-
band transitions in GaN/AlN-based systems.2–4,8,9 However,
the large built-in electrostatic fields in polar hexagonal het-
erostructures grown on c-plane �0001� sapphire have been
known to influence optical and electrical properties.10,11 Ef-
forts to circumvent these effects have been accomplished us-

ing R-plane �101̄2� sapphire substrates which result in non-

polar A-plane �112̄0� hexagonal nitride material, thus
effectively eliminating the contributions of these large
fields.12,13

In this letter, we report on the optical absorption due to
the intersubband transition in nonpolar cubic GaN/AlN short
period superlattices grown by plasma assisted molecular
beam epitaxy on 3C-SiC substrates. To increase the optical
absorption length, the samples were cut into waveguide ge-
ometry with the beveled facet having been polished at 45° to
allow for multiple passes. The barrier and quantum well
thicknesses of the structures were obtained from the reflec-
tion high energy electron diffraction �RHEED� intensity os-
cillations measured during the layer growth. The peak posi-
tion energies of the room temperature optical absorption
spectra of the intersubband transitions were observed in the
spectral range of 1.5–2 �m. The peak position energies were
calculated as a function of the well width by using a propa-
gation matrix method. Good agreement was obtained be-

tween the calculated and measured values. A summary of the
collected experimental data is contained in Table I.

All quantum structures were grown at 720 °C on free-
standing 3C-SiC �001� substrates by plasma assisted molecu-
lar beam epitaxy. 100 nm thick c-GaN buffer was deposited
on a 3C-SiC substrate using the RHEED control of the
growth process as described in Ref. 14. Subsequently, a 20-
period GaN/AlN superlattice �SL� was grown. The barrier
thickness was fixed at 1.35 nm for all samples while the well
thickness is changed for different samples, but kept in the
range of 1.6–2.1 nm. Finally the quantum structures were
capped with a 100 nm thick c-GaN layer. After each layer
the growth was interrupted for 30 s to allow excess metal to
evaporate from the surface. Three different superlattice
samples with different quantum well widths were used in this
study and waveguides were cut from each sample.

The optical absorption measurements were recorded us-
ing a Bruker Fourier-transform 125HR spectrometer. The in-
terferometer configuration consists of a quartz-halogen light
source, an InSb cooled detector, and a calcium fluoride beam
splitter. This configuration permits the measurements in the
spectral range of 1–3 �m. As mentioned above, the samples
were cut into waveguide geometry to allow multiple passes
of incident light through the active region. A transfer matrix
method �also known as propagation matrix method� is used
to calculate the bound state energy levels as a function of the
well and barrier widths from which the energy difference
between the ground and first excited states were obtained.
These calculated values are then compared to the peak posi-
tion energies obtained from the optical absorption spectra of
the intersubband transitions.

The growth of the superlattice was controlled by
RHEED. The intensity of the reflected electrons �RHEED
intensity� was recorded at the start of the superlattice growth.
Figure 1 shows the RHEED intensity versus time for the
second and the third period as well as for periods 18 and 19.
Since these measurements were continuous throughout
growth, for clarity the time scans of periods 18 and 19 have
been shifted both in time and in position to illustrate growth
rate reproducibility. Since the spectra in this figure area�Electronic mail: manasreh@uark.edu
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shifted in time, the portions of the spectra represent that the
interruption of the 30 s �areas between shaded portion of the
figure� is shrunk The shaded areas indicate the growth of
individual layers. All time scans are identical, which reveals
a highly reproducible growth process of the quantum wells.
Clear RHEED oscillations were observed during the nitrogen
terminated growth of the AlN barrier layers revealing a
growth rate of 0.11 ML/s. The cubic-GaN layers were
grown with 1 ML coverage of Ga. The procedure to adjust
the amount of excess Ga on the surface of the growing layer
is described in detail in Ref. 14. Although the presence of the
Ga adlayer prevents the observation of RHEED oscillations,
i.e., in situ growth rate observation, the presence of this Ga
adlayer is necessary for significant reduction of the GaN
layer roughness. The growth rate of GaN was 0.26 ML/s,
which is under nitrogen limited conditions.

The room temperature absorbance spectra of the inter-
subband transition in three superlattice samples are plotted in
Fig. 2. Here we define the absorbance as the product of the
absorption coefficient ��� and the total thickness of the quan-
tum wells in the superlattice. In these coupled wells, splitting
of the energy levels occurs due to overlap between localized
wave functions in neighboring quantum wells, which leads to
the formation of minibands. As summarized in Table I, the
full width at half maximum �FWHM� of each absorption
peak is relatively broad as compared to the FWHM of the
intersubband transitions in other systems, such as
GaAs/AlGaAs.15 Notably the absorbance peak of sample C
is close to the wavelength of 1.55 �m which is of relevance

for the application of c-GaN/AlN SLs for optical communi-
cation light detectors.

A comparison between the experimental and calculated
results of the peak position energy of the intersubband tran-
sition is shown in Fig. 3. The experimental data �represented
by solid squares� were obtained directly from the peak posi-
tion of the absorbance spectra while the calculated data
�solid line� were obtained by taking the difference between
the ground state �E0� and the first excited state �E1�. The
calculation was made for an electron effective mass of
0.19m0, where m0 is the free-electron mass.16 The experi-
mental values are reasonably in good agreement with the
calculated trend of the E0→E1 transition energy. An appar-
ent improvement on this agreement can be obtained by in-
creasing the effective mass. Again, the calculations are based
on the transfer matrix approach.17 The most important pa-
rameters which enter this calculation are the electron effec-
tive masses in the cubic-GaN well region and the ratio be-
tween the conduction and valence bands offsets ��ECV�. It
was found that the best agreement between the experimental
data and calculated results shown in Fig. 3 is when �ECV
=70:30. However, since �ECV has not been thoroughly in-
vestigated for cubic III-nitrides, the ratio used here is similar
to those reported for the hexagonal III-nitrides.7

In order for one to observe the intersubband transition in
any quantum well system, the ground state needs to be popu-
lated with charge carriers. This can be achieved by doping
the quantum well. In case of cubic GaN/AlN superlattices
grown on cubic SiC, the background doping was found to be
significantly high. In this study, the charge carrier concentra-

TABLE I. Summary of the 20-period cubic-GaN/AlN superlattice samples used in the present study. The
period is obtained from the high resolution x-ray diffraction, LW �nm� is the well width, Epeak is the peak
position energy obtained from the experimental measurements, FWHM is the full width at half maximum of the
intersubband transition spectra, n2D is the two dimensional electron gas obtained by electrochemical capacitance
measurements, and EF is the Fermi energy level calculated from Eq. �1�.

Sample
number

Superlattice period
�nm�

LW

�nm�

Epeak �meV�
FWHM
�meV�

n2D

�1011 cm−2�
EF

�meV�Measured Calculated

A 3.45 2.1 620 630 182 2.79 3.52
B 3.1 1.75 696 734 211 2.33 2.94
C 2.95 1.6 751 781 219 2.13 2.68

FIG. 1. RHEED intensity time scans measured during the growth of quan-
tum wells number 2, 3, 18, and 19 of a 20-fold cubic GaN/AlN short period
superlattice. The growth windows of the AlN and GaN layers are
highlighted.

FIG. 2. �Color online� Room temperature absorbance spectra of three inter-
subband transitions measured for three cubic GaN/AlN superlattice samples
with different well thicknesses.
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tion was measured using an electrochemical capacitance-
voltage profiler �ECVPro�. Since etching AlN is very diffi-
cult due to the fact that the ultraviolet light used in the
ECVPro system does not cover the band gap of AlN, a ref-
erence sample with thick cubic GaN layer was grown under
the same growth conditions as those of the GaN/AlN super-
lattices. This reference layer was tested using the ECVPro
system and the results are shown in Fig. 4. It is clear from
this figure that the bulk carrier concentration �N3D� as a func-
tion of the etched depth is on the order of 1.33�1018 cm−3.
The peak observed at the depth of 0.6 �m in the carrier
concentration is due the charge accumulation at the
GaN/SiC interface.

By using the well widths determined from RHEED os-
cillation, confirmed by the high resolution x-ray diffraction
measurements, and the measured three-dimensional carrier
concentration of unintentionally doped cubic GaN, the Fermi
energy level �EF� position in the superlattices is calculated
using the following expression:18

EF � E0 + n2D��2/m*, �1�

where n2D is the two-dimensional electron concentration, �
is the Planck constant, and m* is the effective mass.
The calculated values of EF are listed in Table I for three
samples. Since the well width is small and the effective mass
is relatively large, the calculated Fermi energy level is
slightly above the ground state. Nonetheless, this condition is
sufficient for population of the ground state with electrons,
which is a necessary condition to observe of intersubband
transitions.

In conclusion, intersubband transitions are observed in
the near-infrared spectral region in cubic-GaN/AlN short
period superlattices grown on cubic SiC substrates. Growth
refinement of cubic nitride has enabled the observation of
intersubband transitions in this system in the absence of pi-
ezoelectric effect. The electrochemical capacitance-voltage
measurements confirm the presence of relatively high carrier
concentrations in the cubic GaN system investigated here.
Good agreement between the experimentally measured and
calculated peak position energies of the intersubband transi-
tion is obtained. The calculated peak position energies were
obtained using a transfer matrix model. The optical absorp-
tion measurements confirm the tuning of the intersubband
transition in cubic GaN/AlN to the near-infrared spectral
region. In particular, the peak position of the intersubband

transition spectrum reached the 1.55 �m spectral region,
which is an important region for optical communications.
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FIG. 3. �Color online� Peak position energies of the intersubband transitions
in cubic GaN/AlN superlattices measured �solid squares� and calculated
�solid line� as a function of GaN well width.

FIG. 4. �Color online� Charge carrier concentration in a reference thick
cubic GaN layer measured as a function of etch depth using an electro-
chemical capacitance-voltage profiler.
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