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A dual-band substrate integrated waveguide permittivity
measurement system

LONG Zhuo, LIU Changjun

School of Electronics and Information Engineering, Sichuan University, Chengdu 610064, China

Abstract: In order to measure complex permittivity under different frequencies, a permittivity measurement system is
designed to measure complex permittivities at S- and C-band, which is based on a substrate integrated waveguide
structure. In the vicinity of 2.45 GHz and 5.85 GHz, the complex permittivities of the object can be measured
simultaneously. The sensor of the test system includes two square resonant cavities cascaded diagonally, two test slots
and a microstrip feed coupling structure. The working bands of the two slits are independent of each other, and the two
slits on the surface of the object to be measured contacting the sensor affect the resonant frequency and quality factor of
the system. The complex permittivity of the object to be measured was obtained based on the inversion of the artificial
neural network. The simulation data were used to train the artificial neural network. In the verification stage, the
accuracy of the sensor was checked by using mixed solutions of ethanol and water with different concentrations.
Compared with the theoretical value, at 2.45 GHz, the maximum relative errors of the real and imaginary parts of
complex permittivities were 1.98% and 1.28%; and at 5.85 GHz they were 2.51% and 2.68% respectively. The sensor
has high precision and dual-frequency measurement characteristics.

Keywords: substrate integrated waveguide; dual-band sensor; artificial neural network (ANN); complex permittivity;
microwave measurement; resonant frequency; quality factor; resonant cavities
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