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Abstract: A novel kind of step-shaped nano-aperture with high resolution and high power
throughput is proposed. The step-shaped nano-aperture’s size is gradually reduced from the incident
surface to the exit surface until a sub-wavelength aperture is formed on the exit surface. The step-
shaped square aperture and the step-shaped triangle aperture have been numerically simulated by
the method of 3-D finite-difference time-domain (FDTD). The calculation results reveal that the
light intensity peak and the power throughput of the step-shaped aperture are increased by about
100 times or more in comparison with those of the ordinary non-step-shaped nano-aperture with a
comparable light spot size due to the near-field optical local enhancement effect. For step-shaped
triangle aperture with four steps, when the full-width at half-maximum (FWHM) of light spot is
97 nm X 74 nm, the peak intensity reaches 1049.76 (1000 times of the incident light intensity) and
the power throughput is 1.67. This kind of step-shaped nano-aperture can be directly used as an
exit aperture of nano-aperture semiconductor lasers or as an unattached shield, to produce a sub-
wavelength light source with high transmission. It is possible to be used in near-field optical
applications such as near-field super-resolution imaging, high-density optical data storage,
nano-photolithograhy, manipulation, and so on.

Key words: optical devices; step-shaped nano-aperture; finite-difference time-domain method;
near-field optics; nano-aperture laser
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Fig. 2 Schematic geometry of the step-shaped square aperture. (a) Top view, (b) Cross section veiw

Table 1 Comparison of performance of the optimum step-shaped square aperture with various step numbers

The number of steps 1 2 4 8 16
Film thickness /nm 1X80 2X40 4X20 8X10 16 X5
400-300 350-310-270-230 370-350-330-310-290-270-250-230
Aperture size /nm 70 250-70
-250-70 -190-150-110-70 -210-190-170-150-130-110-90-70
Throughput 0.0746 0.2734 1. 3640 2.6766 3.0874
Peak intensity /(a. u.)  4.41 41. 34 213.16 400.0 561.69
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Fig. 7 Intensity distribution and transversal in x (solid line) and y (dotted line) direction of step-shaped square aperture

with different step-shaped number. (a) One step, (b) Four steps, (¢) Eight steps, (d) Sixteen steps
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Table 2 Comparison of the performance of step-shaped triangle aperture and ordinary triangle aperture

Size of light spot /nm )
Aperture shape Intensity peak Throughput
dx dy
Step-shaped triangle aperture 97 74 1049.76 1. 6700
Ordinary triangle aperture 88 78 34,5744 0.1189
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