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Terahertz (THz) frequency electromagnetic fields have numerous applications ranging from wireless
communications to imaging systems and nondestructive testing, to material characterization. One of
the main obstacles in the way of widespread industrial use of THz technologies is the difficulty of
implementing compact and frequency-stable THz sources that can operate at room temperatures.
Among a variety of possible options, photoconductive devices (PCDs) satisfy these conditions.
Indeed, they have become one of the most promising candidates for THz source generation since
recent advances in fabrication techniques, such as metasurface integration and nanostructured surface
inclusions have significantly increased their optical-to-THz conversion efficiency and made them
polarization insensitive.
While experimental research on plasmonic PCDs has made rather significant progress, there is still
room for improvement in rigorous numerical modeling of electromagnetic/electronic interactions on
this type of devices. Existing numerical methods developed to simulate PCDs suffer from several
drawbacks. Often, electromagnetic field interactions and semiconductor carrier dynamics are
accounted for individually by different solvers and only the coupling from electromagnetic fields to
charge carriers is modeled. Consequently, results obtained by these simulation tools do not match
experimental findings, especially for high levels of optical pump power where the saturation/screening
effects dominate the output of PCDs. Another drawback is the calculation of generation rate using
electromagnetic fields. This is often done using the Poynting vector, but for time domain simulations,
this approach over-estimates the charge generation and leads to divergent results. Finally, the last
drawback stems from the fact that space and time characteristic scales involved electromagnetic field
interactions and carrier dynamics differ by orders of magnitude. Existing methods do not account for
this difference efficiently, and they often over-discretize one or more physical interactions involved in
the PCD operation, which unnecessarily increases their computational requirements.
In this presentation, I will talk about my research group’s recent efforts in addressing the drawbacks
associated with the simulation of PCDs as listed above. More specifically, I will provide the details of
a framework we have developed for rigorously-coupled simulation of electromagnetic interactions and
carrier dynamics. This framework uses the Maxwell and the drift-diffusion equations to describe the
behavior of electromagnetic fields and charge carriers, respectively. The photocurrent induced by
carriers’ movements is coupled with electromagnetic fields through the current term in Maxwell
equations. Electromagnetic fields are coupled to carriers through the drift term and the charge
generation in the drift-diffusion equations. To efficiently account for the multiple space and time
characteristic scales involved in this multi-physics and multi-equation model, discontinuous Galerkin
(DG) schemes are used for its discretization. At my talk, I will present real-life examples, which
demonstrate the accuracy and the efficiency of this DG-based framework. These examples will also
show that our numerical results match those of experiments even for high levels of optical pump
power.
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