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Magneto-Photoluminescence Measurements of Bi Clusters in GaAs1-xBix
Alberi, K. (NREL); Crooker, S.A. (NHMFL- Los Alamos) and Mascarenhas, A. (NREL)
Introduction

Highly mismatched isoelectronic impurities have become a useful tool for tuning the bandgap of a semiconductor over a wide energy range using only a small concentration (< 10 atomic %). Well-known examples include N and Bi in GaAs and Te in ZnSe. In addition to altering the electronic bandstructure of the host, these impurities can also form pairs that introduce a series of bound states in the bandgap.  Carrier localization at these states strongly depends on their interaction with each other and the ability to form energy transfer pathways in the lattice.  We have previously used high magnetic fields to turn off the interaction between N pairs in GaAs and create a delocalized to localized transition for electrons [1]. Hole localization at analogous bound Bi pair states in GaAs is less well understood, and our understanding could be improved by similar explorations.

Experimental
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Photoluminescence (PL) measurements on GaAs1-xBix samples (0.1 to 1.3% Bi) were performed in a 65 T pulsed magnet.  Evolution of the PL peaks as a function of magnetic field and excitation intensity was probed at 1.6 K using a diode-pumped solid-state laser (515 nm).
Results and Discussion


Figure 1 shows the PL spectra of three representative samples up to 60 T.  The highest energy PL peak in the spectra displayed in Fig. 1a is attributed to acceptor bound exciton recombination.  The remaining peaks in all of the samples correspond to recombination of excitons bound to Bi pair states located just above the valence band edge. In particular, the two peaks labeled T3 and T3’ are common to the two samples with the lower Bi concentrations and are assigned to a specific pair state (T3) and its phonon replica (T3’). The T3 peaks are absent from the spectra of the sample with the highest Bi concentration because the valence band has shifted far enough to consume those bound states. The non-zero diamagnetic shift of all peaks associated with Bi pair states is expected to be due entirely to the shift in the conduction band edge with magnetic field. The interesting features to note from these results is that the PL peaks associated with the Bi pairs sharpens at higher magnetic fields, and in the cases of the samples displayed in Figs. 1b and 1c, new peaks arise at higher energies.  The latter effect is due to a redistribution of excitons to either shallow acceptors rather than Bi pairs, or to less-deep Bi pair states.  Both indicate that energy transfer to lower energy Bi pair states is partially inhibited at high fields.  
Conclusions

Overall, this data provides information both on the electron mass, which is expected to increase with Bi concentration, and the interaction between Bi pair states.
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FIG. 1.  Photoluminescence spectra as a function of magnetic field for three samples with Bi concentrations of (a) 0.4%, (b) 0.6% and (c) 1.25%.











