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The technology to control electromagnetic waves by using artificial structures of the same or smaller size as the
wavelength is called metamaterials or metasurfaces, and by appropriately designing their shapes, it is possible to
control their optical response in various ways. Electromagnetic waves in the frequency range of 0.1 to 10 THz
are called terahertz waves, and in recent years, they have attracted attention not only for fundamental science but
also for applications in sensing, wireless communications, and radio astronomy.

Although lithography techniques are generally used to fabricate micro-scale artificial structures, it is not easy to
fabricate non-uniform structures in the height direction because the technique is good at fabricating structures in
a two-dimensional plane. In addition, multiple micro-processing devices and clean-room environments are
required to perform a series of processes, which are costly to maintain.

Recently, femtosecond laser processing technology has attracted attention as a new method for fabricating 3D
structures. In a laser processing system using an ordinary galvanometer mirror, the focusing diameter of the
beam is about 10 to 20 um, which is sufficiently smaller than the typical wavelength of terahertz waves, which
is several hundred pum. Therefore, it is possible to fabricate 3D microstructures below the terahertz wavelength
by femtosecond laser processing, and it is expected to be a tool for fabricating terahertz metamaterials as an
alternative to lithography.

In this talk, I will introduce the development of artificial
microstructures such as large-area anti-reflective moth-eye
structures and terahertz meta-lenses for terahertz wave control
using ultrashort pulse laser processing, which is under study in
our group. We have succeeded in fabricating an anti-reflective
moth-eye structure with nearly 100% transmittance in the sub-
terahertz region [1,2] (Fig. 1) and further enlarged it to 300
mm in diameter [3]. This structure has been implemented in a
radio telescope for the first time and is currently in operation.
It has also been reported that Huygens membrane metalens in
the terahertz frequency region can be fabricated by using
lithography to create appropriately designed holes in a thin
silicon substrate [4]. We have successfully fabricated similar
meta-lenses with femtosecond lasers.

Fig. 1 Microscopic image of terahertz
Such laser fabrication techniques for meta-optics have the  moth-eye structure fabricated by
potential to fabricate large-area structures that could not be  femtosecond laser processing.
made with conventional lithography, and to dramatically
simplify fabrication methods.
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