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Cubic GaN/AIN short-period multiple quantum well
structures were grown at 720°C by plasma-assisted mo-
lecular beam epitaxy on free standing 3C-SiC substrates.
The samples consist of 100 nm thick GaN buffer and 20
periods of GaN/AIN active regions. The thickness of the
AIN barrier is 1.35 nm for all samples, while the thick-
ness of the GaN well varies between 1.6 nm-2.10 nm de-
pending on the samples. The periodicity of the GaN/AIN
active regions was confirmed by the presence of several
peaks in the high resolution x-ray diffraction (HRXRD)

1 Introduction Intersubband transitions (ISBT) form the
basis for quantum well infrared photodetectors (QWIP)
and Quantum cascade lasers (QCL) [1]. Due to the wide
band gaps and the large band offsets between AIN and
GaN this group of III-Nitrides offer intersubband transi-
tions in the technologically important infrared 1.3-1.5 pm
spectral range [2-6]. Nevertheless, a major challenge for
the design of GaN/AIN devices based on ISBT is the pres-
ence of strong intrinsic piezoelectric and pyroelectric fields
generated by sheet charges at each hetero-interface [7] Ef-
forts to circumvent these large built-in electrostatic fields
have been accomplished by using nonpolar hexagonal
structures [1] or by using cubic zincblende structures [8].
The growth of nonpolar cubic GaN/AIN multiple quantum
well (MQW) structures on (001) oriented substrates will
eliminate the detrimental strong spontaneous polarization
fields [9], allowing easier design of the complex MQW
structures with various quantum well widths as it is neces-
sary for QCL systems.

2 Experimental All quantum structures were grown
at 720 °C on free standing 3C-SiC (001) substrates by
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spectra. The thickness of the total period was estimated
by fitting the HRXRD data using a dynamic scattering
theory. Room temperature measurements of the optical
absorption spectra of the intersubband transitions were
obtained using a Bruker IFS-125HR spectrometer. The
peak position wavelengths of these transitions were ob-
served in the spectral region of 1.5-2.0 um and con-
firmed theoretically by using a self-consistent Poisson-
Schrodinger model.
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plasma assisted molecular beam epitaxy (MBE). A 100 nm
thick cubic GaN (c-GaN) buffer layer was deposited on a
3C-SiC substrate using the Reflection High Energy Elec-
tron Diffraction (RHEED) control of the growth process as
described in reference [10]. Subsequently, a 20 period
GaN/AIN superlattice (SL) was grown. The barrier thick-
ness 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 20 seconds to allow excess
metal to evaporate from the surface. Three different super-
lattice samples with different quantum well widths were
used in this study and waveguides were cut from each sam-
ple.

A high resolution x-ray diffractometer (HRXRD) was
used to characterize the structural properties and the dif-
fraction profiles of our AIN/GaN superlattices samples.
The Diffraction profiles were analyzed by using a dynamic
diffraction model which allowed to derive the parameters
of the superlattice.

The background doping of a GaN reference layer was
measured by electrochemical capacitance-voltage profiler
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giving a bulk carrier concentration (N;3p) on the order of
1.33x10"cm™ [8]. This background doping yields a Fermi
energy level above the ground state energy level, which is
a necessary condition for the observation of intersubband
absorption.

The optical absorption measurements were recorded
using a Bruker Fourier-transform 125HR spectrometer.
The interferometer configuration consists of a quartz-
halogen light source, an InSb cooled detector, and a cal-
cium fluoride beam-splitter. This configuration permits the
measurements in the spectral range of 1-3 um. Since the
samples were cut into waveguide geometry, multiple
passes of incident light through the active region were
achieved.

A self-consistent Poisson Schrodinger model (1D-
Poisson) 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 [11]. These calculated values are then
compared to the peak position energies obtained from the
optical absorption spectra of the intersubband transitions.

3 Results and discussion One of the key-issues
for a structurally perfect superlattice is the carefully con-

trol of the growth in the MBE reactor using in-situ RHEED.

Recent investigations showed that optimum growth condi-
tions of c-GaN were found when an one monolayer (ML)
Ga coverage is formed at the surface [10]. A typical
RHEED time scan during the growth of an AIN/GaN su-
perlattice is shown in Fig. 1. The shaded area indicates the
growth of the individual layers. Clear RHEED-oscillations
of c-AIN were seen during the growth of the AIN barrier
material revealing a growth rate of 0.11 ML/s. For the cu-
bic GaN RHEED-oscillations — and therefore in-situ
growth rate measurement - were suppressed due to the one
ML Ga-coverage, which is necessary for a smooth growth
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Figure 1 RHEED intensity time scans measured during the
growth of quantum well number 2, 3, 18 and 19 of a 20-fold cu-
bic GaN/AIN short period superlattice.
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surface. The growth rate under this Ga-rich condition was
estimated to be 0.26 ML/s with post growth thickness
measurements. All time scans are identical, revealing a
highly reproducible growth process of the quantum wells.

1(}5 T T T T T T T

10° |k

10 F

a.u.)

—
o
w
T

SL -

intensity (

—
o
N
T

exp. data

simulation

10'1 1 1 1 1 1 1 1

36 37 38 39 40 41 42
2 Theta (°)

Figure 2 HRXRD »—2@ spectra obtained for a 20 period of
1.75nm GaN/ 1.35 nm AIN sample.

The structural properties were measured by a high
resolution x-ray diffraction technique. Figure 2 shows the
®-20 scan of the (002) reflex of a 20 periods GaN/AIN
superlattice structure (upper curve). A periodicity of 3.1
nm was estimated from the difference of the superlattice
peaks by using a dynamic simulation program (see the
curve labelled simulation in Fig.2). With the knowledge of
the growth rates of AIN obtained from RHEED oscillations,
a AIN barrier and a GaN well width of 1.35 and 1.75 nm
were determined, respectively. Reciprocal space mapping
(RSM) of the asymmetric GaN (-1-13) reflex show that for
all our samples the AIN barriers are pseudomorph to the c-
GaN buffer.

The surface roughness of these structures was investi-
gated by atomic force measurements (AFM). The RMS
roughness on a 5x5 pm?”scan area is typically about 2.6 nm,
which is in the order of the best values reported for bulk c-
GaN [10].

The room temperature absorbance spectra of the inter-
subband transition in three superlattice samples are plotted
in Fig. 3. The absorbance is defined as the product of the
absorption coefficient (o) and the total thickness of the
quantum wells in the superlattice (L). In these coupled
wells, splitting of the energy levels occur due to overlap
between localized wave functions in neighbouring quan-
tum wells, which leads to the formation of mini-bands. The
full width at half maximum (FWHM) of each absorption
peak varies between 180 to 220 meV. Notably the absorb-
ance peak of sample C is close to the wavelength of
1.55 um, which is of relevance for the application of c-
GaN/AIN SLs for optical communication light detectors.
While the shape of the spectra of sample B and C is close
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Figure 3 Room temperature absorbance spectra of three inter-
subband transitions measured for cubic GaN/AIN superlattice
samples with different well thicknesses.

to a single Lorentzian, the best fit of the absorption spec-
trum of sample A has been obtained by two Lorentzians
with peak wavelength at 2.1 pm and 1.87 um (dashed
curves), respectively. The FWHM of the individual fits is ~
90 meV.

Figure 4 shows the transition energy between the
ground state E, and E; of the GaN/AIN SLs vs. the GaN
well width given in nm and GaN-monolayers. The solid
line is calculated wusing a self-consistent Poisson
Schrodinger model [11]. We used an electron effective
mass of 0.19 m,, where m, is the free electron mass. An
important parameter which is incorporated in these calcula-
tion is the ratio between the conduction and valence band
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Figure 4 Calculated intersubband transition energy (full line)

and measured peak position energies (symbols) vs. well width of

cubic GaN/AIN superlattices.
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offsets (AEcy). It was found that the best agreement be-
tween the experimental data and calculated results shown
in Fig. 4 is when AEcy=70:30.

The solid squares indicate the peak energy of the ex-
perimental absorption spectra of sample A, B and C. No-
tably, the well width of sample B and C, which have a sin-
gle line absorption spectrum are close to an integer number
of monolayers. The dots are the peak energies of the fitted
curves of spectrum A. They correspond to well width of 8
and 9 monolayers, which indicates a well thickness fluc-
tuation of one monolayer in this sample.

4 Conclusion Nonpolar cubic AIN/GaN superlattices
with intersubband transition near the technological impor-
tant 1.55 pum spectral region were grown by plasma as-
sisted MBE. The periodicity of the AIN/GaN active re-
gions was confirmed by HRXRD. Room temperature ab-
sorption measurements showed ISBTs in the spectral re-
gion of 1.5-2.0 pum which were theoretically confirmed by
using a self-consistent Poisson-Schrodinger model. Lor-
entzian peaks with linewidths of ~ 90 meV were observed
within the intersubband absorption spectra, and were at-
tributed to monolayer fluctuations of the QW width.
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