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Cylindrical cavity high-temperature measurement
system for complex permittivity
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Abstract: The systematic design around the key technology of high-temperature complex permittivity measurement of microwave medium
is presented. Dielectric property test at variable temperature is realized by the exact field theory solution. A TM,,, mode cylindrical
resonant cavity is designed and variable-temperature test system is constructed by using rapid specimen movement platform and induction
heating technology. The system can realize the complex permittivity test automatically at 915 MHz and up to 1 400 °C. For the influence
caused by the heating of the test system, the real-time calibration technology is presented to reduce the error from the fluctuation of
dielectric property of the fixture. The repeated variable-temperature measurements of the complex permittivity of fused quartz sample are
done, and the test data is compared with published data. The results indicate that the test deviations of permittivity and loss tangent at
high temperature is less than 2% and 6% respectively.
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cavity loaded with the multilayer mediums
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Table 1 Repeatability test results of Teflon, quartz and sapphire in room temperature
i RIUE LI SRl e WA
/&4 &y tand &y tand &y tand
1 2.067 4.98 x10°* 3.821 4.99 x10°* 10.010 9.26 x107*
2 2.077 4.97 x107* 3.831 5.00 x 10 ~* 10. 066 9.02 x107*
3 2.055 5.02 x10~* 3.811 5.01 x10~* 10.026 9.22x107*
4 2.063 5.11 x10~* 3.820 4.92x10°* 9.974 9.14 x10°*
5 2.065 5.27 x10~* 3.801 5.03 x10~* 10. 104 9.17 x10°*
B XA 17-14] 2.066 7.00 x 10 ~* 3.850 3.33x10°* 9.900 1.00x1073
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Table 2 Repeatability test results of quartz at 915 MHz in variable-temperature
L/ C &y tand
it 1 i 2 W 3 WM 1 W 2 i 3
25 3.818 3.829 3.801 4.99 x10°* 5.11 x10~* 4.85x10*
100 3.823 3.835 3.842 5.26 x10~* 5.83x107* 5.09 x10 ~*
200 3.83 3.839 3.827 5.12x107* 5.78 x10 ~* 5.36 x107*
300 3.84 3.857 3.831 5.20x107* 5.96 x 10 ~* 6.19 x10~*
400 3.852 3.881 3.848 5.76 x10~* 5.38 x10 ~* 5.53 x10~*
500 3.859 3.89 3.872 5.42x107* 5.74 x10~* 5.89 x107*
600 3.874 3.903 3.87 5.59 x 10 ~* 6.12 x10~* 5.96 x10*
700 3.908 3.875 3.867 6.15x107* 5.64 x10~* 5.80 x10 ~*
800 3.898 3.95 3.916 5.76 x10~* 6.77 x10~* 6.49 x10 ~*
900 3.941 3.932 3.922 5.92 x10~* 5.51x107* 6.89 x10°*
1000 3.928 3.959 3.971 6.53 x107* 6.14 x10~* 6.34 x10°*
1100 3.937 3.974 3.992 6.25x107* 6.35x10~* 6.66 x10 ~*
1200 3.965 3.982 3.979 6.99 x 10 ~* 7.42 x10~* 7.21 x107*
1300 3.958 3.985 3.998 7.25 x10~* 7.17 x10~* 7.88 x107*
1400 3.941 4.035 3.989 8.58 x10~* 7.89 x10 ~* 8.69 x10~*
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Fig.7 Comparison of variable-temperature test

results of fused quartz
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