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Metal antennas and transmission lines are common devices for receiving and transporting signals in the 

radiofrequency regime. Here, we demonstrate that by reducing the size down to the micrometer range, 

these devices can be operated at infrared frequencies (~30 THz) [1,2].  We apply our recently 

introduced vector near-field microscopy technique [3] for directly visualizing the reception and transport 

of infrared energy [4]. The combination of antenna plus transmission line is a promising platform 

technology for designing future mid-infrared devices which require subwavelength-scale integration. 

 

The transmission line that is used here consists of two parallel wires that are isolated by a small gap 

(Fig. 1b). This structure is the miniature version of a very common TV cable known as the ladder line for 

connecting the roof antenna with the television set. A dipole antenna is connected to one end of the 

transmission line for converting free-space radiation into a confined mode. By illuminating the antenna 

with infrared radiation (λ ≈ 10µm), a surface wave is launched which is travelling along the transmission 

line to the right side. Fig. 1c shows the momentary near-field distribution of the surface wave that is 

tightly bound to the metal wires. The image reveals that the surface mode has an asymmetric charge 

distribution. Moreover the image allows for determining the wavelength of the surface mode. Numerical 

calculations confirm the experiment with excellent agreement (Fig. 1a). 

 

Based on these transmission lines, we compress infrared energy to a nanoscale focus spot of 60 nm 

[4]. This is achieved by tapering the end of the transmission line, i.e. gradually reducing the lateral 

dimensions. By propagating along the taper, the surface mode is compressed to deep subwavelength 

scale dimensions (λ/150). Interestingly, we observe that the wavelength of the surface wave is still of 

the order of the free-space wavelength. This is in strong contrast to plasmon compression where the 

field confinement is connected with a large increase of the wave vector. 

 

The compression of infrared surface waves with tapered transmission lines opens the door for the 

development of ultra-small integrated infrared sensor and spectroscopy devices for chemical and 

(bio)medical diagnostics. 
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Fig. 1: Energy transport and propagation properties in two-wire transmission lines. (a) Topography image of an 

antenna-coupled two-wire transmission line, consisting of two 40nm height Au wires, 200nm wide, separated by a 

300nm wide gap, on a Si substrate. (b) Experimental near-field image taken at λ = 9.3 µm, showing 

Re(Ez)=|Ez|cos(φz). (c) Numerically calculated near-field image showing Re(Ez)=|Ez|cos(φz). 

 


