Lasing in T-shaped quantum wires with high uniformity
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High-quality T-shaped quantum-wire (T-wire) lasers are fabricated by cleaved-edge overgrowth with the molecular beam epitaxy on the interface improved by a growth-interrupt high-temperature anneal [1]. We achieved ground state lasing in single-quantum-wire lasers (T < 60K) [2,3] as well as 20-quantum-wire lasers (T < 120K) [4] by optical pumping. The wires tend to lase in a single mode at energy with a relatively small shift. Lasing threshold of T-wires was lower than that of quantum wells formed in the same samples. Near field pattern of the T-wire laser shows a very good circular shape [5]. 

 Micro-photoluminescence (PL) and PL excitation (PLE) spectroscopy at 4K reveals unprecedented high quality of the wires, and structures of one-dimensional (1-D) free excitons and 1-D continuum states [6]. Transmission experiments have shown that modal absorption at 1D exciton peak at 4 K is fairly large (90/cm for a single T-wire) [7]. 

At high pumping levels, PL at 4K evolves from a sharp free exciton peak to a red-shifted PL band with symmetric broadening. The lasing energy is about 5 meV below the free exciton, and is on the red-shifted broad PL band. The evolution of this PL band suggests formation of Coulomb-correlated electron-hole plasma [3,4]. Recent measurements of gain spectra via the Cassidy’s method (a modified method of the Hakki-Paoli method) strongly support this assignment [8]. It is concluded that origin of the laser gain is the 1D electron-hole plasma with strong Coulomb correlations. 

Additional experiment of PL and PLE spectroscopy for a modulation-doped single quantum wire with a gate to tune 1-D electron density [9] has shown various features (charged excitons, band-gap renormalization, Fermi edge singularity, and so on) to be related to many-body optical response of 1D carriers. All experimental results on doped and undoped T-wires seems to indicate importance of Coulomb interactions among carriers.
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