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Magnetic Field-Stabilized Electron Hole Liquid in Indirect Bandgap AlxGa1-xAs

Alberi, K. (National Renewable Energy Lab); Crooker, S.A. (NHMFL-LANL) and Mascarenhas, A. (National Renewable Energy Lab)
Introduction & Background

In semiconductors, an electron hole liquid (EHL) is a Fermi liquid-like phase of non-equilibrium free electrons and holes that have condensed out of an exciton gas to form macroscopic droplets. These interacting carriers remain in a droplet form with an energy distribution described by Fermi-Dirac statistics until they eventually evaporate as excitons or recombine. Consequently, absorption and emission spectra contain a wealth of information related to the carrier density and temperature inside the droplet as well as the energy required for excitons to evaporate from the droplet surface (i.e. the work function).  EHLs therefore present a prototypical system for spectroscopically studying the behavior of collective excitations in semiconductors.  
[image: image2.png]The liquid phase is well known to form under conditions of high exciton concentrations and low temperatures.  Often, these conditions are achieved under pulsed optical excitation in indirect semiconductors, where the carrier lifetimes are long enough to allow the population to amass beyond the critical concentration for EHL formation.  Their behavior has been extensively studied in Si and Ge and to a lesser extent in compound semiconductors such as GaP, AlGaAs and InSb. Droplets can grow to be several hundred microns in diameter and can exist up to tens of microseconds after photocarrier generation has ended.  These droplets have also been found to move throughout the semiconductor crystal with high mobility in the presence of strain and exciton concentration gradients as well as in non-uniform electric fields. Alternatively, a dense electron hole plasma (EHP) phase can form rather than an EHL when the critical temperature or electron hole density is not achieved.  The EHL and EHP phases, and hence their spectral signatures, evolve differently as a function of temperature and time. For example, the electron hole density in the liquid phase generally decreases with increasing temperature, whereas the density increases with temperature in the plasma phase.  However, these phases are best distinguished by correlating their temperature and density with the critical values determined by developing a phase diagram. While the properties and behavior of EHLs are well understood, less attention has been devoted to experimentally studying the formation of an EHL from an exciton gas.
Experiment & Results 
We report on the evolution pathways of an EHL in indirect bandgap Al0.387Ga0.613As, using low excitation densities and magnetic fields up to 90 T to stabilize the EHL phase and systematically tune its properties. Above a certain excitation density threshold, the EHL develops directly from a bound multiexciton complex state, whereas below this threshold, an electron-hole plasma (EHP) is first formed. At high magnetic fields, the spectral peaks associated these two distinct phases converge. This appears to occur in part due to an equilibration of their temperatures and electron hole densities, indicating that the EHP evolves into an EHL. This is due to an equilibration of their temperatures and densities as the EHP phase evolves into the EHL phase.  The ability to tune the onset and density of the EHL phase with a magnetic field and low excitation densities makes our approach a powerful tool for studying condensed carrier phases in further detail.
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