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1. Introduction

Many researches for the Free Electron Laser (FEL)
based on the Smith-Purcell effect have been conducted.
The electromagnetic radiation emits from diffraction
grating when an electron beam flied over. In the
simplest grating structure, radiation extracted from
this effect is not in the direction of the electron beam
movement, but at an angle satisfying the relation:
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where c is speed of light, fis the frequency of emitted
radiation, L is the grating period, # is the order of the
diffraction, and f = v/c is the ratio of electron beam
velocity v and c.

The dielectric-loaded metal grating has been
proposed [1] to enhance the extraction of radiation.
Surface plasmon polariton (SPP) on graphene has also
been studied [2], but a combination with vertical side
wall must be made to upshift the dispersion line of SPP,
thus enable the release of terahertz (THz) wave into
free space at inclined angle.

In this research, we study the radiative eigenmodes
in two dimensional metallic slit arrays by using THz
time-domain spectroscopy (THz TDS). Understanding
these modes will help us in further study on the
resonant interaction between them and the electron
beam, and subsequently to improve the extraction of
terahertz radiation.

2. Experiment

Figure 1: Dimensions of the fabricated slit array

The schematic structure of slit array is shown in
Fig. 1. The sample was fabricated by laser machining
using femtosecond laser pulses. The parameters of the
slits array shown in Fig. 1 were L = 100 pm, W =
50 um and H = 100 pm. THz TDS was performed by
TAS7500-TS  (Advantest) to  measure the
transmittance at various incidence angles . Numerical

calculation was performed using finite element
method in COMSOL software.

3. Results
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Figure 2: Transmission spectra of the metallic slit array

Figure 2 shows the experimental results of THz
transmission spectra when incidence angles were
varied. The first high transmission peaks at frequency
around 1.1 THz are attributed to waveguide modes,
and the frequencies remain virtually unchanged. The
second peaks are attributed to waveguide modes of
second order, whose eigenfrequencies show strong
redshift at high incidence angles. We confirmed the
radiative eigenmodes directly and the frequencies of
these modes are in good agreement with the result of
the numerical calculations.

4. Conclusion

We demonstrated the experimental study on the
THz radiative modes for the metallic slit array. The
measured frequencies of the first modes show no shift
and second modes show large redshift, and were found
to be in agreement with the result of the calculation.
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