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Robert Williams Wood was a physicist at John’s Hopkins University during the first half of the 20th century. He was an expert in optical physics, and a number of optical phenomena are associated with his work, including Wood’s anomaly (also called the Rayleigh anomaly), which is an effect whereby light that is incident on an optical grating is bent sideways 90 degrees and transmits along the surface of the grating. This effect is usually associated with gratings that refract light; however, scientists at the NU-NSEC have recently discovered a way to use Wood’s anomaly to enhance the transmission of light through metal films with arrays of 100 nm holes in them. This discovery could have important applications in the development of nanoscale sensors.
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Holes of this size (~100 nm) do not transmit light very effectively, as they are smaller than the wavelength of light and thus the light can’t squeeze through the hole. However, when light hits a film made from a metal such as palladium, it is possible to enhance the transmission of light through a combination of Wood’s anomaly excitation on the front side of the film (see Figure) and surface excitation on the back side. To achieve this effect, the refraction of the medium above the film must be different from that below the film by a precise amount. This condition can be used to create molecular sensors where the molecule being studied changes the refraction by enough to match the Wood’s anomaly condition. In the past, palladium films have not been considered of interest for sensing applications but this research shows that proper excitation could make sensing applications possible with this material.
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Diffraction of light from a palladium film, showing the results of calculations for light wavelengths that correspond to the Wood’s anomaly condition.  The left frame shows the light in the vicinity of a hole, while the right frame shows light 200 nm above the film.
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