
Optical nanoantennas 
 
 
An optical antenna is described as a device to efficiently convert free propagating 
optical radiation to localized energy, and vice versa [1]. 
 
Guglielmo Marconi was the first introducing the term antenna in radio context in 
1895. Nowadays, it is common to refer to an electromagnetic transmitter or 
receiver as an antenna. They have been developed since the beginning of 
electromagnetism and the need for increasing the bandwidth of communication 
link has fed this development. However, the development for antennas 
supporting shorter and shorter wavelength did not reach optical regime. One of 
the reasons is that before antennas could reach optical frequencies in a reliable 
way, optical fibres had removed the need to develop optical antennas for 
telecommunication applications. 
 
Although the antennas are a key element for plenty of devices at radiowave or 
microwave regime, their optical analog is almost nonexistent in today’s 
technology. Instead, optical radiation is manipulated by redirecting the 
wavefronts with lenses and mirrors. This type of manipulation relies on the wave 
nature of the electromagnetic waves and therefore, is not suitable to control the 
field on the subwavelength scale (the diffraction limit). 
 
Optical antennas are similar to their radiowave and microwave counterparts, but 
there are crucial differences in their physical properties and scaling behaviour. 
The differences are mostly because, at optical frequencies, metals are not 
perfect conductors, but strongly correlated plasmas described as a free electron 
gas [2]. For example, the penetration of radiation into metals can no longer be 
neglected. 
 
The electromagnetic response is dictated by collective electron oscillations 
(surface plasmons, SP) characteristic of strongly coupled plasma [3]. These 
collective excitations make a direct downscaling of traditional antenna designs 
impossible. Hence, at optical frequencies an antenna no longer responds to 
external wavelength but to a shorter effective wavelength, which depend on 
material properties [4]. 
 

 
Fig. 1: A single antenna element represented by a metal rod. Incident light with wavelength polarizes 
the ends and gives rise to a standing surface charge wave. 



An optical antenna enhances the interaction between the emitter or absorber and 
the radiation field: the presence of the antenna modifies the properties of the 
receiver/transmitter, and in the same way, the antenna properties depend on 
those of the receiver/transmitter. It is evident that the two must be regarded as a 
coupled system. This could be seen also in the biological world, in photosynthetic 
proteins for example, individual chlorophyll molecules arrange in antenna 
complexes in order to collectively optimize the efficiency of light absorption. 
 
Because nanoscale devices need to interface with optical radiation it is likely that 
optical antennas will have a broad impact on future technology. 
 
In the field of microscopy, antennas effectively replace a conventional focusing 
lens or objective, concentrating external laser radiation to smaller dimensions 
than the diffraction limit (e.g. s-SNOM). They also can be used for artificially 
enhancing the absorption cross-section or quantum yield of optoelectronic (e.g. 
solar cells), for efficiently releasing energy from nanoscale devices (e.g. LED 
lighting) and for boosting the efficiency of biochemical detectors relying on a 
distinct spectroscopic response (Raman scattering, fluorescence, etc.). 
 

 
 Fig. 3: (a) An optical antenna in form of a gold or silver nanoparticle attached to the end of a 

potential glass tip in interacting with a single molecule. The inset shows an SEM image of 80nm 
gold particle attached to a glass tip. (b) Theoretical model. 
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