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In this work, we investigate laser-based nanofabrication using high transmission nanoscale ridge
apertures. The optical transmission characteristics of ridge apertures in a metal film are first numerically
studied using the finite-difference time-domain (FDTD) method. We show that ridge apertures provide a
drastic optical transmission enhancement compared to regularly shaped nanoscale apertures and confine the
transmitted light into a nanometer domain.*? The optimum field concentration and enhancement are
achieved by taking advantages of the resonant effect of surface plasmon.’

We fabricated various ridge apertures in metal film coated on quartz substrates. These apertures are
designed by FDTD calculations to obtain optimal performance and characterized using near field scanning
optical microscopy (NSOM). The ridge apertures are then used as a nanoscale light source for nano-
lithography. Holes with sub-100 nm dimension are produced in photoresist with visible laser illumination
polarized in the field concentration direction (Fig. 1b,c). The performance of the ridge apertures is
compared with that of square nanoscale apertures to demonstrate their advantages. The potentials of using
these nanoscale ridge apertures for nano-lithography are demonstrated.

8

|E{°max= 25.5

(@) (b) (©
Fig. 1: (a) A properly designed ridged aperture can enhance optical transmission of visible light by 25 times
and concentrated into a size of about 16 nm [3]. (b) An AFM image of fabricated ridged apertures. (c) An
AFM image of a 90 nm hole produced in a lithography experiment using nano-apertures shown in (b).
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