Lasing in a single quantum wire
H. Akiyama

We fabricated a single quantum wire with a small cross-sectional size of 14 nm by 6 nm and significantly reduced size variation over the whole cavity length of 0.5 mm [1], and achieved lasing in the wire ground state. This is the thinnest laser in the world. 

The single quantum wire laser is fabricated by an advanced crystal growth method called the cleaved-edge overgrowth method (CEO) with molecular beam epitaxy (MBE), in which two MBE growth steps are separated by an in situ wafer cleavage process. Figure 1 shows a schematic cross-sectional view of the single wire laser structure. In the first MBE growth, we grew a 14 nm quantum well (stem well) at 600 oC on a non-doped (001) GaAs substrate. Then, we cleaved the wafer, and grew a 6 nm GaAs quantum well (arm well) at 490 oC on an in situ cleaved fresh (110) edge of this structure. After the growth of the arm well, we interrupted growth and annealed the GaAs surface for 10 minutes at 600 oC. At a T-shaped intersection of a stem well and an arm well, quantum-mechanical confinement of electrons forms a quantum wire. The blue contour curves show the probability of 1-D electrons in a quantum wire. This quantum wire has no higher 1-D subband, and is in the 1-D quantum limit.  

The sample was pumped optically with an excitation light focused via the top surface of the structure shown in Fig. 1. Figure 2 shows laser emission spectra from the device at 5K for various excitation input powers Pin. At input power Pin=8.3 mW, multi-mode laser emission of the quantum wire is observed at 1.578 eV. It changes to single-mode at Pin=17 mW, and shows slight red shifts with mode hopping as the input power increases. The amount of red shifts is 1.5 meV at Pin=260 mW.  At higher energies, laser emissions from the arm well and the stem well are also observed. We observed lasing of this quantum wire laser at 5 – 60 K. Our 1-D quantum wire provided an opportunity to study many interesting fundamental issues in 1-D systems.
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Figure 1

 Schematic cross-sectional view of a single wire laser structure. Percentages show Al-concentration x in AlxGa1-xAs. A quantum wire is formed at a T-intersection of a 14 nm thick Al0.07Ga0.93As stem well and a 6 nm thick GaAs arm well, which is embedded in a core of T-shaped optical waveguide formed by a 500 nm Al0.35Ga0.65As stem layer and a 111 nm Al0.1Ga0.9As arm layer. The squared wave functions, or probability, of photons and electrons in the device are drawn by contour curves, which show that photons and electrons are confined at the T-intersections. The thick arrows indicate [001] and [110] axes for the first and second MBE growth.
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Figure 2

Lasing spectra of the single quantum wire laser at 5K for the various input powers of Pin=8.3, 17, 33, 66, 130 and 260 mW, measured with spectral resolution of 0.2 meV. Lasing lines due to the quantum wire, the arm well, and the stem well are observed. The lasing of the quantum wire has excellent characteristics of a low threshold, a single lasing mode, and small red shifts.
