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Motivation and Outline

« Terahertz Metasurface Devises (NECTEC)

— Technology for development of compact, planar, and lightweight
devices

— 3D-printed metasurfaces with digital light processing technique:
faster and cheaper than traditional photolithography

— Available to vary the beam direction by metasurface design

* Wireless System Simulation (NICT)

— Basic wireless system simulation using S-parameter characteristics
of metasurface devices designed by NECTEC

— Using frequency bands assigned for IEEE802.15.3d
— Observing EVM for several beam directions
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Terahertz properties and applications

THz properties
)Easily passes through non- polar

materials.
)Absorbed by polar materials.
)Non- ionizing then safe for human.
)Reﬂected by metals.
)spectral fingerprints for Bio- molecules
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Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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What are Metasurfaces?

Metamaterial
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Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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Metasurfaces applications

Imaging systems Radar systems

Metasurfaces

Communication systems applications
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ref. https’/ / www.nature.conv articles/ s41377-023-01218-y

Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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What 1s 3D Printing

3D printers : the printing process and

SLA DLP
Stereolithography (laser)

LCD
Liquid Crystal Display

light source : light source : LED

3D Print

https://3mash.com/en/blog/3d-printing-technologies--sla—dlp--and-lcd

https://www.print3dd.com/what-is-3d-printer/?srsltid=AfmBOopLFWxR20pd11KYka63-
gAHktHCMtbyK8uQoviZxOh3dpclwVYO0

Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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3D printed metasurface device

Printing conditions

Fix parameters : Phrozen Sonic Mini 4K
Resione G217
Vary parameters : Printing speeds from
30, 90, 120, 150
and 180 mm/ min. m

3D model

THz metasurfaces
sample

Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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Design and methods

Traditional optics Metasurface optics _ _ _ _ .
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N. Yu et al, Science (2011}

Metasurface
layer

Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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Design and methods

Circular polarization (CP)
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Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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Design and methods

EM Simulator
Resin Properties : . ol
n=1.7,c=2.89 Incident : LCP, RCP A 35:1“,:
Frequency (f) : 300 GHz ;
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Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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Example of simulation result

Polar plot Polar plot
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Reference: Kamonchanok Duangkanya, et al., “Development of 3D-Printed THz Metasurfaces with Digital Light Processing Technique,” The 2024 International Conference on Photonics Solutions (ICPS), Dec. 2024
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Variation of beam direction
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Wireless system simulation

TX Metasurfaces
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Condition of the simulation

 Beam direction: +150deg, +160deg, +1/70deq,
+180deg

« Bandwidth: 2.16 GHz, Center freq: 284.04 GHz
« Bandwidth: 8.64 GHz, Center freq: 282.96 GHz
* Mod. Type: QPSK

» TX-Metasurfaces: 1.5m ,Loss: 85 dB

* Metasurfaces-RX : 1.5m ,Loss: 85 dB

« TX PWR: 20dBm

» Adding Noise Density: -203 dBm/Hz
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Schematic of the simulation

Metasurfaces
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Example of the simulation results

Bandwidth: 8.64 GHz, Beam direction: 150°
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Summary of the constellations

wo/
Metasurfaces

Beam direction
150deg 160deg 170deg 180deg

Bandwidth
(GHz)
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Summary of EVM
| EWM[ems]

Bandwidth Beam direction y WO/f
t
(GHz) 150deg 160deg 170deg 180deg Stasuriaces
Max. 23 2.0 2.1 2.0 1.3
2.16
Min. 1.6 1.5 1.5 1.5 0.9
Max. 4.1 3.6 3.4 3.4 23
8.64
Min. 3.5 3.0 3.1 3.0 1.9

* When the metasurface devices are inserted, EVM increases approximately 0.6% in
2.16 GHz bandwidth and approximately 1.2% in 8.64 GHz bandwidth.

« There is little change in EVM due to the difference in the beam direction, but the
EVM deteriorates slightly only at 150 degrees.

« Overall, EVM characteristics are almost consistent with brief expectations.
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Conclusion

« Terahertz Metasurface Devises (NECTEC)

— Technology for development of compact, planar, and lightweight
devices

— 3D-printed metasurfaces with digital light processing technique:
faster and cheaper than traditional photolithography

— Available to vary the beam direction by metasurface design

e Wireless System Simulation (NICT)

— Basic wireless system simulation using S-parameter characteristics
of metasurface devices designed by NECTEC

— Using frequency bands assigned for IEEE802.15.3d
— Observing EVM for several beam directions
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Thank you!
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