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Planar sensor with complementary split-ring resonant defect ground structure
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Abstract: To achieve precise discrimination and measurement of dielectric properties for multi-form materials, this study proposes a
microwave planar sensor based on a complementary split-ring resonator-defected ground structure ( CSRR-DGS), whose unique
configuration significantly enhances localized electric field intensity, resulting in a 51. 1% improvement in quality factor compared to
conventional planar structures, enabling accurate measurements for both solid and liquid dielectrics. Simulation results demonstrate that
when testing 4 mmXx4 mmx1 mm cubic samples with relative permittivity ranging from 1 to 15, the sensor exhibits excellent linear
response characteristics in resonant frequency, which was experimentally validated through measurements of polytetrafluoroethylene
(PTFE), 3240 epoxy board, FR4 fiberglass laminate, and acrylonitrile-butadiene-styrene ( ABS) resin, showing strong agreement with
simulation data and yielding an average relative error of 2. 4% for solid dielectric measurements based on the established mathematical
model. Furthermore, characterization of ethanol solutions with varying concentrations established a reliable correlation between solution
concentration and relative frequency shift, achieving an average relative error of 4. 6% for liquid dielectric measurements, collectively
demonstrating the sensor’s outstanding performance in dielectric characterization and its effectiveness as a high-precision solution for
multi-form material detection.
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Fig. 1 Basic structure of the sensor
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Table 1 Microwave planar sensor design size
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Fig.2 Equivalent circuit model
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Fig.3 EM simulation & circuit simulation reflection coefficients
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Fig. 4  Comparison of electric field distributions
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Table 2 Electric field intensity at the open gap
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Fig. 5 The effect of the CSRR-DGS on the sensor
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Table 3 Simulated and measured relative frequency shifts
under varying relative permittivity
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W 11 froR AR T BRSNS, BR FR4 FEAR
H T AR A B 8 A 90 0 T - B R A O A B
S HAR 3 FRPRHI O HA 52 S, dhZk B B e —
ok, XM RGPV G IR FEMIEN A SR I 15
SRS BAT AR RO ORS

| ——PTFE{§ & —=— PTFEJII &
—o—ABSHIHE  ——ABSHll&#

_a0 L——3240 5 32403l
0, FRM{)‘?Eﬁ v Fthliﬂiﬁg .
22 24 2.6
F/GHz
11 JMERAS [F A S5 o R B0 23 {5 B 235 SR A s 245 2R

Simulation and measured results of resonant
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Fig. 12 Comparison of the three models

R4 SNRHERBRIERX
Table 4 Expression of the multi-dielectric simulation model
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Table 5 The relative permittivity of different

concentrations of ethanol solutions

LR WHE/ %o REHa XSS r 5K
10 0.9 70.76
20 0.8 62.76
30 0.7 55.78
40 0.6 49. 62
50 0.5 44.16
60 0.4 39.27
70 0.3 34.87
80 0.2 30. 90
90 0.1 27.29
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Fig. 13 Reflection coefficient at different concentrations
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Table 6 Expression of the ethanol
concentration measurement model
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Table 7 Comparative analysis between the proposed

method and other sensors
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ENe CSRR&SRR 2.6 A & ik
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