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Fig. 1 Terahertz planar antenna made with metasurfaces [1,3,4].
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Fig. 1 (a) Schematic of the Babinet structure. Contour plots of (b) measured and (c) simulated reflectivity
as a function of incident angle. Fabry-Perot (FP) mode and plasmonic modes localized in the bottom (BP)
and top (TP) are indicated by dashed lines. Color plots of electric field intensity |E| for the (d) BP and (e)
TP modes. The model structure has a period p = 15 um, side length a = 13 um and depth d = 19.5 um.
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Exceptional point in a Babinet complementary metal mesh structure
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Fig. 1 (a) Schematic of a terahertz filter with Babinet complementary metal mesh structure and incident TM and
TE polarized lights. Photonic band structures of Fabry-Perot (FP) and plasmonic modes for the terahertz
bandpass filter with period p =15um, side length a=13um, (b) depth d=19.0 um, (c) d=19.5 um (d) d =20 um.
The color of the data points indicates the Q-factor of the modes. (e) Real and imaginary parts of the
eigenfrequencies as a function of d.
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Terahertz circular polarization selector based on moiré metasurface
with anisotropic distortion
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Fig.(a) Anisotropic distortion in x-direction, (b) Signal intensity of = 1st-order diffracted beam from moiré metasurface
at 4.35 THz depending on the incident polarization.
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Fabrication of hollow spiral plate for terahertz spiral interferometer
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Fig. 1 {ERK L 72 4EHERI M @ CAD #%EHX (G% Fig. 2 WEfERi MR DAk > 7+ 5948,
&% 0.3THz, frAHHESE 20 mm)

[1] Severin Fiirhapter, et al., Opt. Lett. 30,1953(2005).

[2] Yu Tokizane, et. al., Opt. Lett. 49, 3516(2024).
[3] X.-C. Yuan, et al., Appl. Phys. Lett. 91,171116(2007).
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Broadband Terahertz Polarization Rotator Using Silicon-Air Effective Medium
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Fig.1 Measured images of Sample 1 and
Sample 2 and their transmission intensities
before and after annealing.
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Terahertz (THz) thermal detectors utilizing microelectromechanical systems (MEMS) resonators[1-2]
have attracted significant interests owing to their advantages of room-temperature operation, high sensitivity,
rapid response, and miniaturization. In such MEMS detectors, a metallic film is typically employed as a THz
absorber, but its low absorption coefficient (typically 10-20%) prevents further improvements in the optical
sensitivity of MEMS detectors. An alternative, the metal-insulator-metal (MIM) metamaterial based
plasmonic absorber, is promising for achieving high THz absorption. However, the MIM absorber generally
features a multi-layer structure with a thickness of several micrometers, which is considerably thicker than
the thin-film beam structure of MEMS detectors. It is therefore very challenging to integrate MIM absorbers
with MEMS detectors.

We present a novel THz absorber with a quasi-MIM structure for improving the THz absorption
coefficient of a THz bolometer based on a doubly clamped MEMS beam resonator. The quasi-MIM absorber
is formed by etching the silicon substrate to create a groove structure, followed by metallic film deposition
on both the etched and non-etched parts of the substrate. The silicon substrate is used as the dielectric
structure instead of introducing extra dielectric materials. Consequently, this quasi-MIM structure offers a
notable advantage over conventional MIM structures due to its reduced thickness, making it suitable for
integration with MEMS bolometers. An example for the geometry design of the quasi-MIM absorber is
shown in Fig. 1(a), which is designed for the resonance frequency of 5.1 THz. Fig. 1(b) shows the simulated
absorption spectrum when THz wave is incident from the Si substrate of the structure. As seen, the absorber
features absorption levels of up to 98%, indicating that our quasi-MIM absorber can work as an almost perfect
THz absorber. Furthermore, by composing multiple groove structures in the absorber, we have realized THz
absorber of multiple absorption peaks, as shown in Fig. 1(c). These results indicate that the quasi-MIM
absorber is promising for realizing both narrow and broad band THz absorbers.

(a) (b) (c)
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Fig. 1(a) An example of the unit structure of the MIM absorber. The vertical cross-section of the unit structure with di=1 pm
and d2 = 1.6 um. The top view with L =8 pm, W =1 um, D = 16 um. (b) The calculated absorption spectrum of the absorber
shown in Fig. 1(a). (c) The absorption spectrum of the sample composed of three rectangles grooves with L = 5 pum, 8 pm,
11pm.
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Fabrication of terahertz quasi-MIM absorbers for integration with
thin-film MEMS bolometers.
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Metal-insulator-metal (MIM) metamaterial absorbers [1] are promising for achieving high terahertz (THz)
absorption, which is crucial for the development of high sensitivity THz detectors. Here, we have fabricated a quasi-
MIM absorber on high-resistivity silicon substrate, for improving the optical sensitivity of a THz detector using a
SOI MEMS resonator [2]. The fabrication process is schematically shown in Figure 1(a). The quasi-MIM absorber

is formed by etching a high-resistivity silicon substrate by using reaction ion etching (RIE) to form a groove structure.

Then we deposit a 200nm-thick Al film on the top surface of the substrate by thermal evaporation, and the etched
and unetched parts naturally become two metal layers, forming the MIM structure together with the silicon substrate
as the dielectric layer. A short wet etching process is performed for the Al film to completely separate the two Al
layers. This structure features a notable advantage that no extra dielectric layers are introduced, thus is very compact,
and very easily fabricated on SOl MEMS beam resonator.

Figure 1(b) shows the microscope images of two fabricated quasi-MIM structures (sample A/B). Figure 1(c)
shows the reflection (black) and transmission (blue) spectra of a sample A, measured by using a THz time-domain
spectroscopy, when THz electromagnetic wave incident from the Si substrate. The reflection of the bottom surface
of the silicon substrate has been removed in the data analysis. As seen, the reflection spectrum shows a valley at
~1.8 THz, indicating that there is a plasmonic resonance at this frequency. The absorption spectrum(A) is calculated
by A=1-T-R, which is shown as the red curve in Figure 1(c). As seen, the peak absorption is over 95%,

demonstrating the effectiveness of the proposed quasi-MIM structure for achieving a high THz absorption coefficient.

The transmission, reflection and absorption spectra of sample B is shown in Figure 1(d). Sample B has the sample
design for the resonant pattern, but with a smaller separation between two patterns. As seen, it seems sample B
shows two absorption peaks at ~1.6 THz and ~4 THz, suggesting that the interactions between resonant patterns may
play an important role in such structures. These results indicate that the quasi-MIM absorber is promising for
realizing both single frequency and multi-frequency THz absorbers.

(b) Sample A (c)1

0.8

-|.| =k
Sample B go'4|

0.2 1|

u-u ==
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Fig. 1 (a) Schematic fabrication process of quasi-MIM absorber. (b) microscope images of two fabricated quasi-MIM absorbers
(sample A/B). (c) Measured reflection (black) and transmission (blue) spectra of the fabricated sample A. The absorption spectrum
(red) is calculated from the reflection and transmission spectra. (d) Reflection (black), transmission (blue), and absorption (red)
spectra of sample B.
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Fig. 1. (a) Schematic view of an IR sensor with GRIN lenses and (b) SEM images of a fabricated GRIN
lens array. (c) Simulated spatial distribution of E-field passing through a GRIN lens with geomatical
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parameters measured from SEM images of (b).
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