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Plasmonic nanostructures have been extensively investigated in the past decade because of 

their innate ability to squeeze optical energy into subwavelength volumes and thus achieve 

high degree of energy concentration, which allows one to enhance various linear, and 

especially nonlinear optical processes. While such an energy concentration has been 

demonstrated as a phenomenon, its promise of applications in functional devices after a 

decade of endeavor, however, have been largely unfulfilled and the chief culprit behind this 

disappointment is the extremely high ohmic loss inherent to all metals including the noble 

ones that are currently the mainstay of plasmonics and metamaterials. In the last few years, 

there has been therefore a push to develop alternative plasmonic materials, such as strongly 

doped “conventional” semiconductors [1,2]. One of the goals is to find a material with lower 

loss, and indeed, the rate of loss is lower at least in some semiconductors than in metals, e.g. 

for highly doped InGaAs   is only 1013 s-1, vs.  ~1014 s-1 in noble metals. The reason for the 

smaller loss can be understood by realizing that with smaller density of electrons at the Fermi 

level in semiconductors lies lower than in metals, and there are fewer states into which the 

electrons can scatter. Unfortunately, the lower carrier density also means lower plasma 

frequency, causing all the surface plasmon polariton (SPP) resonances shift to longer 

wavelengths. While such a property generally precludes the use of these alternative 

plasmonic materials in visible and near IR spectral ranges, it appears adequate or perhaps 

even attractive when it comes to applications in longer wavelengths such as the all-important 

mid-IR ranges of 3-5 and 8-12 μm, as has been argued in [1,2]. 

At this time, however, experimental data do not support this optimistic projection. While 

part of the problem may lie in fabrication difficulties, recent numerical analysis [3] has 

shown that when it comes to the loss, silver is still superior to all new plasmonic materials, 

including graphene. In this study we look into this issue by examining the loss scaling in the 

localized SPPs of doped InGaAs spheres and of gold rods through the lens of energy balance 

between the potential energy of electric field and the kinetic energy of the magnetic field and 

electron oscillation. To illustrate this we have considered doped InGaAs sphere and gold rod 

that are tailored to yield SPP resonance in the mid IR region by tuning the InGaAs carrier 

density and the aspect ratio of gold rod. We show that subwavelength structures made of low-

loss doped semiconductors in place of noble metals with higher losses do not lead to the 

anticipated superior enhancement of the electric field in the mid-IR range. 
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