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A good optical switch typically offers a large modulation depth, high modulation speed and small 

footprint. In recent years, plasmonic-based optical switches have been considered promising for fulfilling all these 

requirements. However, despite the sub-diffraction-limit size of many plasmonic cavities, realizing a plasmonic 

switch with large on/off ratio and ultrafast switching speed has remained challenging. Noble metals such as gold and 

silver are the most commonly adopted plasmonic materials, but their plasmonic properties are hardly tunable. As an 

alternative, doped semiconductors have been found to be much more versatile, with their plasma frequency ωp 

tunable by either inter- or intra-band optical excitation. In the simplest form, the plasma frequency is given by 

  
ω p

2 = ne2 m* . In the case of interband excitation, the modulation of ωp is achieved by increasing the electron 

density n; alternatively, using intraband optical pumping, one can modify the effective mass m* of the plasmonic 

material due to its conduction band non-parabolicity and the momentum-dependent effective mass m = m(k). 

Notably, plasmonic switches based on intraband excitation in transparent conducting oxides have been realized 

through modulation of the bulk plasmon resonance of gallium-doped zinc oxide or the localized surface plasmon 

resonance of indium-doped tin oxide nanorods in the near- and mid-infrared frequencies. However, their modulation 

depths are hampered by the cavity design as well as the relatively large material ohmic loss. 

 
Figure 1 (A). Schematic of the sample and the pump probe setup. (B) Contour plot of the pump probe data. (C) Polarization ellipse of the 

reflected probe beam with and without the pump.  

In this poster, I will present a new plasmonic switch based on a dysprosium-doped cadmium oxide (Dy: 

CdO) perfect absorber. Benefiting from the perfect absorber cavity design and the low material loss, we are able to 

modulate the relative reflectance ( ΔR R ) of the cavity by 1100% on a sub-picosecond time scale, at a wavelength 

of 2.1 µm. Moreover, our structure can serve as an ultrafast polarization switch, since the perfect absorber only 

responds to p-polarized light. We show the rotation of a linearly polarized light by nearly 45 degrees in 1 

picosecond, which can be desirable for laser pulse shaping and infrared vibrational spectroscopy. 


