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Optical investigations of a single-quantum-wire field-effect transistor (FET), that is an n-type modulation-doped single T-shaped quantum wire with tunable 1D electron density via gate voltages, are made via photoluminescence (PL) and PL excitation (PLE) spectroscopy at 5 K. The sample structure and experimental setup are schematically shown in Fig. 1. 

The measured PL and PLE spectra at various gate voltages (Vg) are shown in Fig.2 (a). The evolution of these spectra shows the metal-insulator crossover from excitonic discrete peaks to band-to-band transitions with large Burstein-Moss shifts. The PL and PLE spectra in the band-to-band transition regime are compared with a calculation based on the free-particle approximation, as shown in Fig. 2 (b). 

In low-density regime (Vg=0-0.2V), we observed complete oscillator-strength transfer from excitons (X) to trions (X-). At high-density regime (Vg=0.5-0.7V), a broad absorption onset corresponding to the Fermi edge shows blue shift with increased density. In the crossover region from trion to band-to-band transition (Vg=0.3-0.4V), we found a double peak structure corresponding to the Fermi edge and square root divergence of 1D density of states. These spectral features demonstrate bound-state formation and carrier population in inverse-square-root density of states inherent to one-dimensional systems. 

Figure Captions

Fig.1: Schematic structure of n-type doped T-shaped quantum wire. The cross-sectional region of 14nm quantum well (stem well) and 6nm quantum well (arm well) works as a 1D wire. The stem well is modulation doped and connected to the ground level. We tune 1D electron density in the wire by applying gate voltage (Vg). Excitation and detection are perpendicular to each other both in light directions and in polarizations, to eliminate intense laser-scattering noises.

Fig.2: Experimental (a) and theoretical (b) spectra of PL (red) and PLE (blue), where 1D electron density increases with the applied gate voltage. Each spectrum is normalized by peak intensity. The evolution of the spectra shows metal-insulator crossover, where the peaks of excitons (X) and trions (X-) evolve to band-to-band transitions in the presence of an electron plasma. The theoretical curves are calculated with the free-particle approximation. 

Reference

[1] T. Ihara et al, The 27th international conference on the physics of semiconductors (ICPS-27), Flagstaff, USA, July 2004. 

Authors

T. Ihara, Y. Hayamizu, M. Yoshita, H. Akiyama, L. Pfeiffer and K. West









