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Research on high-precision measurement of substrate
dielectric constant based on resonant ring method
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2. Zhejiang Huazheng New Material Group Co. , Ltd, Hangzhou 311100, China)

Abstract: The dielectric constant is an important parameter that affects the performance of high-frequency substrate, and the accuracy
and spatial distribution of the dielectric constant of the substrate will have an important impact on the performance of microwave circuits.
In this paper, the resonant ring circuit of enhanced coupling ring, shielded through hole and coplanar waveguide technology is designed
first, to enhance the anti-interference ability of the ring to the outside world, and to distribute S,; between =30 to 20 dB, and improve
the transmission efficiency. Secondly, the influence of different ring average radius, ring width and coupling gap on the simulation results
is analyzed. Then, the resonant ring circuit is processed and tested. The measured results show that the dielectric constant error is less
than +0. 007 at the frequency points of 2, 10 and 24 GHz, which proves that the method has high test accuracy. Finally, based on the
test and analysis of the dielectric constant distribution of a domestic substrate based on the resonant ring circuit, the results show that the
dielectric constant error caused by processing and the spatial distribution of the substrate is less than +0. 024, which proves that the
substrate has good performance.
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Fig. 1 Resonant ring circuit structure
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Fig. 2 Resonant ring circuit simulation model
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Table 1 Basic parameter settings (mm)
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Table 2 2, 10, 24 GHz resonant frequency simulation data

AR WEPRAIR/ GHz Sy /dB
2 GHz 2.008 -30.3
10 GHz 10.038 -20.1
24 GHz 23. 856 -21.8
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Fig.3 Resonant frequency simulation diagram
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Table 3 Resonant ring average radius parameter data

X EAR/mm IR/ GHz S,,/dB
14. 08 2.014 -30.5
14.13 2.008 -30.3
14.18 1.998 -30.1
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parameters of resonant ring
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Table 4 Resonant ring width parameter data

e/ mm WIRIT %/ GHz S, /dB
0. 50 2.015 -30.1
0.55 2.008 -30.3
0. 60 2.001 -30. 4
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Fig. 6 Coupling gap parameter simulation diagram
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Table 5 Coupling gap parameter data

FA T BR/mm IR/ GHz S,,/dB
0.25 2.008 -30.3
0.35 2.008 -33.5
0.45 2.007 -36.2
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Fig.7 Resonant ring circuit physical diagram
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Fig. 8 Resonant ring test chart
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Table 6 Comparison of measured and simulated data

i {5 EN%/GHz  SZINS%/ GHz Af,/MHz
2 GHz 2.008 2.009 1
10 GHz 10. 038 10. 030 8
24 GHz 23. 856 23. 867 11
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Fig. 9 Comparison of simulation and measured curves
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Fig. 10 Resonant ring circuit physical layout
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Table 7 Test resonant ring circuit datasheet

AR IR %/ GHz S,,/dB AHXT A H %L
0-0 2. 004 -30.8 3.616
0-1 2.003 -30.5 3.620
0-2 2.011 -30.7 3.584
1-0 2.007 -31.3 3. 604
1-1 2.005 -30.5 3.612
1-2 2.013 -30.7 3.580
2-0 2.003 -31.4 3.620
2-1 2.004 -32.0 3.616
2-2 2.010 -31.4 3.592
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