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Fabrication and Optical Characteristics of Quantum-Nano Structures
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We have fabricated coupled quantum-wires, consisting of two GaAs quantum-
wires as small as 5nm thick and 30nm in width (15nm in effective width) separated by
a 1 - 3nm thick AlGaAs barrier, using flow rate modulation epitaxy (FME) on a V-
grooved substrate and investigated its optical characteristics. Firstly, the electronic
states in these quantum wires have been investigated by theoretical analysis using the
finite element method (FEM). The doublet state, namely the symmetric and
antisymmetric states, and the transverse electron states in crescent-shaped coupled
guantum wires are clarified. The conditions of the coupling and the effect of the
thickness disparity between two quantum wires are also clarified. Secondly, the exciton
states of these coupled quantum wires are investigated by the measurement of
photoluminescence excitation (PLE) in comparison with those of single quantum wires.
In the PLE spectra of single quantum wires (wire thickness = 4.5nm), sharp exciton
peaks of the first two heavy hole-like transitions are observed with large energy
difference of 47meV. While, two adjacent exciton peaks with the small energy splitting
of 24meV are observed in the coupled quantum wires (wire thickness = 5nm, barrier
thickness= 3 nm). From the measurements of the barrier thickness dependence, these
exciton states agree well with the coupled states of the quantum wires calculated by

the finite element method.
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(a) Growth of quantum-wires on V-grooved Substrate
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Fig.10 Schematic illustration of the layer structure of coupled quantum wire sample
(a) after the growth and (b) after the removal of quantum film.
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Fig.20 TEM picture of the coupled quantum wires.
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Fig.30 Analytical models of the coupled quantum wires.
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Fig.40 Change density probability (counter plot) of the first three conduction electron
states for (a) single quantum wire with thickness of t1=5.1nm and (b) coupled
quantum wires with thickness of t1=5.1nm, t2=4.6nm and b=3.2nm
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Fig.50 The energy of the symmetric (1e), asymmetric
(2e) and transverse (3e) states in the coupled
quantum wires as a function of barrier thickness
b. The thickness of the bottom and the top
guantum wires is 5.1nm, 4.6nm, respectively.
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Fig.70 PL spectrum from (&) single quantum wires, (b) coupled quantum wires with 2nm thick
barrier layer and (c) coupled quantum wires with 3nm-thick barrier layer at various
temperature. The high intensity PL Spectrum at low temperature is shown on the bottom.
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