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Abstract: Dieleciric characterization of materials is crucial for accurately assessing their terahertz
electromagnetic properties and ensuring their effectiveness in relevant applications. A method is
proposed for dielectric property testing of Materials Under Test(MUT) based on their self-resonant
characteristics, combining electronic terahertz technology with waveguide aperture reflection. The
electromagnetic process and influencing factors of the self-resonance of the MUT at the rectangular
waveguide aperture are clarified using the Finite-Difference Time—-Domain(FDTD) method for
electromagnetic field numerical analysis. Subsequently, the relationship between the waveguide
reflection coefficient and the dielectric properties of the MUT is obtained. Based on the frequency shift
of the material's self-resonance, grooves and etched channels are created on a single—crystal silicon
wafer which is then bonded with polydimethylsiloxane(PDMS) to measure the dielectric properties of the
liquid within the channels. Finally, a testing system with a single—crystal silicon wafer as the MUT is
constructed in the laboratory according to the simulation rules, verifying the reliability of the simulation

results and the feasibility of the proposed dielectric testing method.
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Fig.2 Simulation model(using silicon wafer as an example) and field intensity distribution diagram
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Tablel Commonly used rectangular waveguide models and the recommended thickness of the resonant material(silicon)

waveguide type operating frequency band /GHz recommended center frequency/GHz recommended thickness of the material/um
WR-10 75~110 92.5 462
WR-6 110~170 140.0 305
WR-5.1 140~220 180.0 237
WR-4.3 170~260 215.0 198

WR-3.4 220~330 270.0 155
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Fig.3 Response of reflection coefficient S;, when dielectric constant

changes in increment of 1 changes in increment of 0.1
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Fig.4 Response of reflection coefficient S,; when dielectric constant
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Fig.5 Resonance frequency changes with the dielectric constant
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Fig.8 Response of reflection coefficient S, to changes in thickness
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Tablel Resonance frequency and relative error corresponding to different thickness

thickness /mm

resonant frequency/GHz

relative error/%

0.3
0.6
0.9
1.2
1.5
1.8

146.78 1.27
148.70 2.59
148.70 2.59
148.64 2.55
148.40 2.39
147.56 1.81
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