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A Polynomial Chaos Expansion Method for Sensitivity Analysis of

Microstrip Transmission Lines with Stochastic Parameters

CHENG Shi, HUANG Binke, SHI Zhensheng

(School of Electronic and Information Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A method based on polynomial chaos (PC) expansion is proposed to calculate the
response of transmission lines with uncertain parameters, such as variability in the substrate
material and conductor geometry introduced in manufacturing processes. The stochastic per-unit-
length lumped equivalent parameters of the transmission line, as well as the stochastic voltage
and current responses for the transmission line, are expanded in terms of a series of orthogonal
polynomial chaos basis functions, and all these stochastic variables are substituted into telegraph
equations with random parameters. Then Galerkin’s method is used to transform the telegraph
equations into a set of augmented equations with the expansion coefficients of voltage and current
as variables. The expansion coefficients are then obtained by solving the augmented equations
combined with source and load conditions. Moreover, the statistical properties, such as the
means, variance and probability density distribution of the voltage and current responses and
transfer functions, are obtained. Simulation results of the microstrip transmission lines show that
the conductor width has a greater impact on the performance of the microstrip transmission line at

lower frequencies, while the dielectric constant has a greater effect on transmission performance
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at higher frequencies. In addition, the computational cost of the proposed method is lower, and

its simulation time is about 0. 2% of the Monte Carlo method.

Keywords: microstrip; telegraph equations; sensitivity; polynomial chaos expansion; Monte

Carlo method
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