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Fig. 2. TDR simulation signals of microstrip lines with dif-
ferent dielectric substrates: (a) The dielectric constant is
2.2; (b) the dielectric constant is 3; (c) the dielectric con-
stant is 4.4.
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Fig. 3. TDR simulation signals of microstrip lines with dif-
ferent widths and lengths of 150 mm: (a), (b) Partial en-

larged image; (c) envelope processing.
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Fig. 5. TDR simulation signals of different metal wires.
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Fig. 6. Reflected signals measured from microstrip lines on different substrates: (a) 10 mm length; (b) 100 mm length.
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Abstract

Terahertz waves have broad application prospects in fields such as food quality, biomedicine, and security

communication. However, the dispersion and loss during transmission limit the development of terahertz

systems. This study focuses on the dispersion characteristics of microstrip lines in the terahertz low-frequency

range. By combining theoretical modeling, numerical simulation, and experimental verification, the dispersion

mechanism and key influencing factors of microstrip lines are systematically analyzed, providing theoretical

support for low dispersion, high-performance terahertz integrated circuits and systems. This study is based on

electromagnetic field theory, dividing microstrip line dispersion into dielectric dispersion, geometric dispersion,

* Project supported by the National Natural Science Foundation of China (Grant Nos. U22A20123, 62175182, 62275193,

U22A20353, 62405214).
# These authors contributed equally.

1 Corresponding author. E-mail: jiningli@tju.edu.cn

214204-9

ZHANG Jiaxin 3


https://doi.org/10.3788/AOS241959
https://doi.org/10.3788/AOS241959
https://doi.org/10.3788/AOS241959
https://doi.org/10.3788/AOS241959
https://doi.org/10.3788/AOS241959
https://doi.org/10.3788/AOS241959
https://doi.org/10.3788/AOS241959
https://doi.org/10.1063/5.0180941
https://doi.org/10.1063/5.0180941
https://doi.org/10.1063/5.0180941
https://doi.org/10.1063/5.0180941
https://doi.org/10.1063/5.0180941
https://doi.org/10.1063/5.0180941
https://doi.org/10.1063/5.0180941
https://doi.org/10.1109/JSEN.2024.3397399
https://doi.org/10.1109/JSEN.2024.3397399
https://doi.org/10.1109/JSEN.2024.3397399
https://doi.org/10.1109/JSEN.2024.3397399
https://doi.org/10.1109/JSEN.2024.3397399
https://doi.org/10.1109/JSEN.2024.3397399
https://doi.org/10.1109/JSEN.2024.3397399
https://doi.org/10.1016/j.rio.2023.100599
https://doi.org/10.1016/j.rio.2023.100599
https://doi.org/10.1016/j.rio.2023.100599
https://doi.org/10.1016/j.rio.2023.100599
https://doi.org/10.1016/j.rio.2023.100599
https://doi.org/10.1016/j.rio.2023.100599
https://doi.org/10.1016/j.measurement.2024.114771
https://doi.org/10.1016/j.measurement.2024.114771
https://doi.org/10.1016/j.measurement.2024.114771
https://doi.org/10.1016/j.measurement.2024.114771
https://doi.org/10.1016/j.measurement.2024.114771
https://doi.org/10.1016/j.measurement.2024.114771
https://doi.org/10.1016/j.measurement.2024.114771
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.19855/j.1000-0364.2025.041006
https://doi.org/10.1002/advs.202405378
https://doi.org/10.1002/advs.202405378
https://doi.org/10.1002/advs.202405378
https://doi.org/10.1002/advs.202405378
https://doi.org/10.1002/advs.202405378
https://doi.org/10.1002/advs.202405378
https://doi.org/10.1002/advs.202405378
https://doi.org/10.1109/TEMC.2022.3175376
https://doi.org/10.1109/TEMC.2022.3175376
https://doi.org/10.1109/TEMC.2022.3175376
https://doi.org/10.1109/TEMC.2022.3175376
https://doi.org/10.1109/TEMC.2022.3175376
https://doi.org/10.1109/TEMC.2022.3175376
https://doi.org/10.1109/TEMC.2022.3175376
https://doi.org/10.1109/TSIPI.2024.3493817
https://doi.org/10.1109/TSIPI.2024.3493817
https://doi.org/10.1109/TSIPI.2024.3493817
https://doi.org/10.1109/TSIPI.2024.3493817
https://doi.org/10.1109/TSIPI.2024.3493817
https://doi.org/10.1109/TSIPI.2024.3493817
https://doi.org/10.1109/TSIPI.2024.3493817
https://doi.org/10.1109/TSIPI.2024.3493817
https://doi.org/10.21275/SR241208105529
https://doi.org/10.21275/SR241208105529
https://doi.org/10.21275/SR241208105529
https://doi.org/10.21275/SR241208105529
https://doi.org/10.21275/SR241208105529
https://doi.org/10.21275/SR241208105529
https://doi.org/10.21275/SR241208105529
https://doi.org/10.22214/ijraset.2024.63784
https://doi.org/10.22214/ijraset.2024.63784
https://doi.org/10.22214/ijraset.2024.63784
https://doi.org/10.22214/ijraset.2024.63784
https://doi.org/10.22214/ijraset.2024.63784
https://doi.org/10.22214/ijraset.2024.63784
https://doi.org/10.22214/ijraset.2024.63784
https://doi.org/10.22214/ijraset.2024.63784
https://ijsmrt.com/wp-content/uploads/2024/10/IJSMRT-24160302.pdf
https://ijsmrt.com/wp-content/uploads/2024/10/IJSMRT-24160302.pdf
https://ijsmrt.com/wp-content/uploads/2024/10/IJSMRT-24160302.pdf
https://ijsmrt.com/wp-content/uploads/2024/10/IJSMRT-24160302.pdf
https://ijsmrt.com/wp-content/uploads/2024/10/IJSMRT-24160302.pdf
https://ijsmrt.com/wp-content/uploads/2024/10/IJSMRT-24160302.pdf
https://www.doi.org/10.1088/1757-899X/1070/1/012013
https://www.doi.org/10.1088/1757-899X/1070/1/012013
https://www.doi.org/10.1088/1757-899X/1070/1/012013
https://www.doi.org/10.1088/1757-899X/1070/1/012013
https://www.doi.org/10.1088/1757-899X/1070/1/012013
https://www.doi.org/10.1088/1757-899X/1070/1/012013
https://www.doi.org/10.1088/1757-899X/1070/1/012013
https://doi.org/10.5281/zenodo.12512349
https://doi.org/10.5281/zenodo.12512349
https://doi.org/10.5281/zenodo.12512349
https://doi.org/10.5281/zenodo.12512349
https://doi.org/10.5281/zenodo.12512349
https://doi.org/10.5281/zenodo.12512349
https://doi.org/10.5281/zenodo.12512349
https://doi.org/10.1109/TMTT.2025.3541009
https://doi.org/10.1109/TMTT.2025.3541009
https://doi.org/10.1109/TMTT.2025.3541009
https://doi.org/10.1109/TMTT.2025.3541009
https://doi.org/10.1109/TMTT.2025.3541009
https://doi.org/10.1109/TMTT.2025.3541009
https://doi.org/10.1109/TMTT.2025.3541009
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
https://doi.org/10.7498/aps.73.20240279
mailto:jiningli@tju.edu.cn
mailto:jiningli@tju.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 21 (2025) 214204

and conductor dispersion, and introducing a modified model to overcome the limitations of traditional quasi-
static theory in the high frequency range. In this study, the CST time-domain finite difference simulation and
terahertz time-domain pulse reflection (TDR) technology are employed to conduct multidimensional simulation
and examine three different dielectric constant substrates (2.2, 3, 4.5), wire widths (100-1600 pm), lengths
(10-150 mm) and other parameters. The pulse broadening coefficient is introduced to quantitatively evaluate
the dispersion characteristics of microstrip lines. The results indicate that the increase in substrate dielectric
constant significantly enhances the dispersion effect. When ¢, increases from 2.2 to 4.5, the increase in
equivalent dielectric constant leads to a decrease in pulse transmission speed. When the wire width increases
from 100 pm to 1600 pm, the pulse broadening coefficient dominated by geometric dispersion increases from
3.12 to 5.12, with an increase of 38%. However, when the wire length increases from 10 mm to 150 mm, the
cumulative dispersion increases the broadening coefficient from 2.12 to 3.18, with an increase of 33%, verifying
the sensitivity of width to dispersion control. The simulation result once again shows that due to the small skin
depth of terahertz waves on metal surfaces, the difference in conductivity among the three conductor materials
of gold, silver, and copper (4.1x107-6.3x107 S/m) can be ignored in terms of dispersion effect. According to the
actual measurement and fitting results, the geometric dispersion of microstrip lines is more significant than the
dispersion loss caused by length accumulation. In addition, simulation, experimental testing, and theoretical
analysis are all in good consistency with each other. The conclusion indicates that optimizing the design of
microstrip lines requires priority control of the dielectric constant and wire width of substrate material to
suppress the synergistic effect of geometric dispersion and dielectric dispersion, providing quantifiable design
criteria for high bandwidth and low distortion transmission in terahertz communication systems, and laying

experimental and theoretical foundations for the engineering application of terahertz integrated circuits.
Keywords: microstrip line, terahertz, dispersion characteristics, pulse broadening coefficient
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