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Optical Spectroscopy of Bismuth-doped GaAs in High Magnetic Fields
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Introduction


Tuning the bandgap of a semiconductor over a wide range using only small  doping concentrations (less than 10% doping) typically requires mismatched isoelectronic impurities.  Nitrogen and bismuth are well-known examples in GaAs, and tellurium is an example 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 [1,2]. Hole localization at analogous bound Bi pair states is less well understood. Prior to these measurements, we showed how the electron mass is modified by the strain around individual Bi pair states in ultra-dilute GaAsBi alloys.  The evolution of these isolated pairs into deeper states is also an important area of research.

Experimental
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Photoluminescence (PL) measurements on GaAs1-xBix samples (0.1 to 1.7% Bi) were performed at the Los Alamos NHMFL with a 65 T capacitor-driven 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) as the excitation source.
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 and cluster states located above the valence band edge. As the Bi concentration is increased, the sharp higher energy peaks associated with individual Bi pair states are replaced with a broad lower energy peak that is associated with interacting Bi pair and larger cluster states.  Additionally, the diamagnetic shift of this broad peak changes slightly with Bi concentration. When combined with zero-field PL and time-resolved PL measurements, it will help to build a picture of how these deep states evolve with composition and the degree to which they localize carriers.



This data provides valuable clues as to the development of low energy Bi pair and cluster states. An in-depth of interaction between Bi atoms and their influence on excitons and free carriers will expand our general understanding of alloy formation and will help us to design and develop GaAsBi alloys for optoelectronic devices.
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FIG. 1.  Photoluminescence spectra as a function of magnetic field for three samples with Bi concentrations of (top) 0.33%, (middle) 0.45% and (bottom) 1.75%.











