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Research Highlights





Rare-earth arsenide / III-V heterostructures have proven to be a rich arena in which to explore magneto-electronics and terahertz non-linearities  in semi-metal / semiconductor nano-composites.  


Previous work by us demonstrated for the first time resonant tunneling through magnetic, semi-metallic quantum wells.  This was a radical departure from all previous work on resonant tunneling which focused exclusively on semiconductor structures.  Here we were able to measure the dispersion of the resonant channel and discovered a giant splitting of the resonant channel caused by the magnetization of the ErAs.  More recently, we have discovered a giant magneto-resistive effect that appears in tunneling transport between nano-meter size particles of ErAs in ErAs/GaAs nano-composites.   The effect appears in magnetic particles sufficiently small (~ 2nm) that magnetization fluctuation can trap carriers.


Nano-composites are expected to exhibit enhanced non-linearities at the percolation threshold for one of the components.  In collaboration with James Ibbetson in the Materials Department, we have begun a systematic exploration of terahertz linear and non-linear response in ErAs/ delta doped GaAs.  By simultaneously working the physics, materials phyiscs and materials science we hope to thread our way through material phase space and discover materials with enhanced non-linearities for terahertz generation.


Terahertz photon assisted transport in semiconductor quantum structures was discovered by us at the Center for Terahertz Science and Technology and is potentially important for all solid state sources of terahertz radiation.  Most recently resonant enhanced photon assisted transport has been demonstated in multi - quantum superlattices.  Here the direct and indirect processes are brought into resonance by an applied electric field.  While these experiments help us understand and model photon assisted transport in these systems, they are also potentially important for terahertz quantum detectors.


Photon assisted transport has been recovered at room temperature.  This result serves to underline how robust this phenomenon is and increases its potential as the underlying mechanism for an all solid state terahertz oscillator.


The terahertz AC Franz Keldysh effect has been observed in InGaAs quantum wells in GaAs.  Here the normal DC Franz Keldysh effect evolves into a multi-photon terahertz side bands on the optical laser probe.  The effects are complicated by the fact that the band edge absorption is dominated by exciton effects but Kidde Johnsen and Anti-Pekka Jauho from the Mikroelectronik Centret in Denmark  have developed powerful theoretical models that enabled us to understand this new phenomenon.





