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Graphical Abstract
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nanodimer in a terahertz electric field near moment on the semiconductor nanodimer

the surface plasmon resonances

Abstract

A dimer is a simple form of cluster bearing the salient characteristics of polarization interactions
between the constituent particles while being amenable to tractable analysis. Semiconductor
nanoparticles (SNP) exhibit surface plasmon resonance (SPR) in the terahertz range, for which they
are receiving considerable interest as impetus for device and circuitry applications in that part of the
electromagnetic spectrum. The provision for variation in charge concentration by doping of
semiconductors adds a degree of freedom in the design of semiconductor nanostructures not easily
achieved with metals, allowing for applications in wider frequency range and adjustment in
polarization spectral response. A semiconductor nanodimer (SND) formed by two SNPs with unequal
doping levels exhibits a dipole moment spectrum with unique signature resulting from the interference
in the secondary field arising from the polarizations in the constituent SNPs. In this investigation, the
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response of an asymmetrical SND in a terahertz electric field is studied by electromagnetic simulation
with transport formulation for charge dynamics in the semiconductor. The observed skewed
polarization spectrum can be interpreted in terms of the interference among the secondary field arising
from the intrinsic surface plasmon resonance (SPR) of the SNPs, each slightly red shifted as a result
of coupling interactions. At the SPR at lower frequency, the charge polarizations in both particles are
within 90° phase delay from the applied field, leading to enhancement in the dipole moment. On the
other hand, at the SPR at higher frequency, the particle with lower doping has charge polarization
substantially out of phase with the applied field while the particle with higher doping is close in phase
with the applied field, leading to a smaller magnitude in the total dipole moment. The intensified
electric field in the gap region goes through a process of undulation as the frequency of the applied
field is varied over the two SPRs. The phenomenon can be employed to implement field scanning
effect in senor applications.
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