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Abstract 

Ultrafast optical spectroscopic response of plasmonic nanostructures can be utilized to achieve optical 

modulation devices, i.e., ultrafast optical switches. This is based on the ultrafast dynamics of the plasmonic 

electrons or collective oscillation of the free electrons in nanostructured metals. There are generally multifold 

electronic processes that are overlapped together, so that the ultrafast optical dynamics involves interactions 

between different processes with different time scales. Some of these processes are still not clearly understood, 

so that the observed optical signals produced during excitation by femtosecond laser pulses are most attributed 

to the plasmonic electron-electron or electron-phonon scattering processes. However, we discovered that the 

modulation on the energy band structures in the metal atoms by the femtosecond laser excitation is a 

nonnegligible mechanism, which is always accompanying the ultrafast electronic processes in metals and is 

even stronger than the plasmonic electronic interactions. Strong optical excitation by femtosecond laser pulses 
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induce transient intraband transitions for the conduction-band electrons, producing a transient depletion layer 

underneath the Fermi level. This is equivalent to the lowering of the Fermi level, so that the threshold for 

interband transitions is lowered or red-shifted, producing a new transient absorption spectrum about the 

threshold wavelength (falling edge of the absorption spectrum) for interband transitions. Meanwhile, the 

plasmon band is pushed forward to the red, so that the plasmon-scattering induced optical extinction is reduced 

on the shorter-wavelength edge (rising edge) of the plasmon resonance spectrum, producing a new transient 

spectrum of enhanced transmission. These two features are just located on both sides of the threshold 

wavelength for interband transitions. Such a mechanism can be utilized to achieve ultrafast optical modulation 

and ultrafast optical switching devices. We achieved such optical switching devices by self-supported ultrathin 

films of gold nanowire gratings and by the integration of these structures onto the end facet of an optical fibre, 

so that the optical modulation signal can be sent to the other end of the fibre over a long distance. 
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