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Measurement of relative complex permittivity of plasmas based on
transport reflection method

WU Xiaoming1 , YANG Fan’, XIE Tian’, WU Li', ZHU Huacheng] , YANG Yang] , HUANG Kama'

(1.College of Electronics and Information Engineering, Sichuan University, Chengdu Sichuan 610065, China;
2.State Key Laboratory for Efficient Utilization of Middle and Low Grade Phosphate Rock and Its Associated Resources, Wengfu(Group)
Limited Liability Company, Guiyang Guizhou 550000, China)

Abstract: To solve the problem of parameter diagnosis of microwave excited plasma, the equivalent
relative complex permittivity of low-temperature plasma excited by microwave is measured by the two-port
transmission reflection method. Firstly, the sample-test structure is designed based on the standard BJ22
waveguide structure with the finite element method. The structure can ensure that the permittivity and port
parameters of 1511,0511,1511 keep good monotonicity in a large range of permittivity, avoiding multi-value
problems. Then, artificial neural network is utilized to train the S parameters which are corresponding to
each permittivity obtained by simulation, and the training results achieve sufficient accuracy. Finally,
through experiments, the measured S parameters are inverted by neural network to obtain the relative
complex permittivity of the substance to be measured. This method can be applied to measure the
permittivity of materials like plasma which has negative real part of complex permittivity.
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