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In the presented work, the influence of the quantum well and barrier thicknesses on optical charac-
teristics of InGaAs/AllnAs superlattices was reported. Six different structures of In, 53Ga 47As/
Al 45Ing 55As superlattices lattice-matched to InP were grown by low pressure metal organic
vapour phase epitaxy (LP-MOVPE). Optical properties of the obtained structures were examined
by means of photoluminescence spectroscopy. This technique allows quick, simple and non-de-
structive measurements of radiative optical transitions in different semiconductor heterostructures.
The analysis of recorded photoluminescence spectra revealed the influence of the quantum well
and barrier thicknesses on the emission line energy.
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1. Introduction

A superlattice is a periodic structure of layers of two or more different materials. It is
important to realize a difference between superlattices and multiple quantum wells, be-
cause they are very comparable in their structure, except that unlike the multiple quantum
wells, the superlattice barrier thickness is small enough that electron states interpenetrate
between individual quantum wells [1]. Superlattices based on InGaAs/AllnAs hetero-
structure are mostly used in the construction of quantum cascade lasers (QCLs) [2, 3].
The emission wavelength of QCLs based on InGaAs/AllnAs lattice-matched to InP sub-
strate, covers the infrared region from 3.5 to 24 um, which gives the opportunity to apply
them in applications in chemical and biological sensing or spectroscopy [4]. The QCL
core contains hundreds or even thousands of repetitions of thin layers with a thickness
in the range of 0.5—10 nm. In the case of such sophisticated structures, molecular beam
epitaxy (MBE) is usually used, because it guarantees a specific composition in individual
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layers and very high quality of interfaces between them. Therefore, the epitaxial growth
of such layers by metal organic vapour phase epitaxy (MOVPE) technique is very chal-
lenging and it is important to find the optimal technological parameters. The growth
kinetics depends on several factors such as: a flow rate of precursors, process pressure
and temperature which strongly affect the growth of individual layers [5]. In the case
of layers with a thickness of a few nanometers, many measurement methods cannot
be used. Photoluminescence (PL) is one of the most useful techniques for optical char-
acterization of different semiconductor structures dedicated to optoelectronic devices,
especially emitters [6]. PL spectra allow to determine the band gap energy, the depend-
ence of the peak location of the maximum emission on the temperature or the excitation
power.

The paper presents optical characterization of InGaAs/AllnAs low-dimensional
structures in which InGaAs is a quantum well (QW) and AllnAs is a barrier (B).

2. Experimental details

Six different structures of InGaAs/AllnAs superlattices were grown by low pressure
MOVPE (LP-MOVPE). The designed material parameters of investigated structures
are collected in Table 1.

Table 1. List of project assumptions of the investigated InGaAs/AllnAs superlattices: number of
repetitions, thickness of In 53Ga, 47As quantum well (dy) and thickness of Al 44In, 5,As barrier (dj).

Number

Sample of repetitions dow [nm] dp [nm]
A 50 10 1

B 50 10 3

C 50 10

D 50 10 10

E 50 5 10

F 50 2 10

InGaAs

AllnAs

x50

AllnAs

InP buffer — 520 nm

InP substrate

Fig. 1. A sectional view of the investigated InGaAs/AlInAs/InP heterostructures.
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Each sample consisted of 50 repetitions of two layers: the InGaAs quantum well
and the AllnAs barrier lattice-matched to InP (Fig. 1). In the case of the samples A-D,
the thickness of InGaAs quantum well dg,y was constant of 10 nm while the thickness
of AllnAs barrier was changed 1, 3, 5 to 10 nm. For the samples D, E and F, the thick-
ness of AllnAs barrier dy was kept constant of 10 nm while the thickness of InGaAs
quantum well dqy, was varied from 2, 5 to 10 nm.

The epitaxial processes were carried out using AIXTRON 3x2"” FT CCS system
at the pressure of 100 mbar. The growth temperature was 645°C. A high purity hydro-
gen was applied as a carrier gas while trimethylaluminium (TMAL), trimethylgallium
(TMGa), trimethylindium (TMIn), arsine (AsH;) and phosphine (PH;) were used as
III- and V-group element sources, respectively. The superlattice composition was con-
trolled by the hydrogen flow rate through TMGa and TMALI saturators at the fixed hy-
drogen flow rate through TMIn saturator. The optical properties of the fabricated
samples were measured by means of low temperature photoluminescence (LT PL).

3. Results

PL spectra were measured at low temperature (88 K) using AlGaAs/GaAs laser ex-
citation of 641 nm (continuous wave CW, optical power 10 mW). As a detector, the
StellarNet DW ARF-STAR NIR-100 spectrometer was employed (InGaAs photodiode,
600 g/mm, integration time 100 ms, 0.5 nm resolution).

In the case of quantum cascade lasers, one of the most important properties is a sharp
and narrow peak of the maximum emission. According to the theory with decreasing
the thickness of the quantum well, the peak should shift towards shorter wavelengths
(blue shift) [7].
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Fig. 2. PL spectra of the samples D, E, F recorded at 88 K with the excitation power of 10 mW.
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PL spectra of three samples D, E and F in which the variable parameter was quan-
tum well thickness dqy (10, 5 and 2 nm, respectively) are shown in Fig. 2. In those
samples optical transitions come from the electron and heavy hole on the first level
(E1-hhl). In the case of the sample E, the PL peak location was shifted toward shorter
wavelengths of 150 nm in comparison to the sample D, in which the quantum well
thickness was twice larger. The separation between PL peaks of the samples E and F
was 250 nm, what corresponds to the reduction in the quantum well thickness 2.5 times.
The observed changes of the PL peak position for different InGaAs quantum well thick-
nesses confirm the theory [1, 7]. No additional optical transitions between light or heavy
holes and electrons were observed in the presented PL spectra, what can result from
a high quality of the measured heterostructures.

PL spectra of the samples A, B, C and D, in which the variable parameter was bar-
rier thickness di (1, 3, 5 and 10 nm, respectively) are shown in Fig. 3. In those samples,
optical transitions associated with electron and heavy hole on the first level (E1-hh1)
are observed. In the case of the samples B, C and D, the position of maximum emission
does not change distinctly (only a few nanometers). The shift of the maximum emission
by 2 nm (~1 meV) in the case of the sample B was probably caused by a change of the
InGaAs quantum well thickness dqw by half of a lattice parameter. The small influence
of the barrier thickness on the PL line energy indicates that the emission depends mainly
on the quantum well thickness, which was constant for the considered samples. The sit-
uation differs when the barrier thickness is very narrow of 1 nm (sample A). In the case
of this sample, the position of maximum emission shifts towards the longer wave-
lengths of 30 nm and a broadening of PL spectrum is observed (FWHM = 41 nm). This
is caused by the formation of a miniband characteristic for superlattice structure [1].
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Fig. 3. PL spectra of the samples A, B, C and D recorded at 88 K with the excitation power of 10 mW.
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Table 2. Transitions observed on PL spectra and calculated optical transitions between electrons and
light or heavy holes.

Sample oy [m] dy [om] Transition on Calculated transition [meV]
PL spectra [meV] E1-hhl El-lhl
A 10 1 838 844 858
B 10 3 857 856 880
C 10 5 855 856 879
D 10 10 856 856 879
E 10 951 944 993
F 10 1176 1173 1243

In order to confirm the results of the PL experiment, the theoretical verification
was calculated on the basis of the theory contained in the articles [8, 9]. Energies of
quantum wells transitions are determined by the approximation of effective mass cal-
culated according to Pikus—Bir Hamiltonian (Table 2). To determine electrons and
holes levels in the structures discussed in this article, one band k- p model has been
applied [8].

Based on the results of the calculations contained in Table 2, compliance with the
results obtained from the photoluminescence measurement was found. Slight differ-
ences in the obtained results may be due to the discrepancy between the received and
the proposed composition or the thickness of the layers.

4. Conclusions

Six InGaAs/AllnAs structures were grown on InP substrate by LP-MOVPE. The influ-
ence of the quantum well and barrier thicknesses on PL spectra was described. A shift
of the emission line towards the shorter wavelengths caused by decreasing of the quan-
tum well thickness was observed. The analysis of PL spectra recorded for the structures
with different barrier thickness revealed that only the sample A with the narrowest bar-
rier of 1 nm exhibits features attributed to a superlattice structure. Based on theoretical
calculations, compliance with the results of the PL spectra was found. Small discrep-
ancies in the results may indicate a change in the composition or thickness of individual
layers, which is why it is worth comparing optical measurement methods with others,
e.g. X-ray diffraction. The obtained results prove that photoluminescence can be used
as a measurement technique even in such sophisticated structures. The next stage of
research will be focused on determination of the maximum barrier thickness allowing
the formation of the superlattice miniband.
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