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Factors Determining the Measurement Accuracy of the Free-Space Method in the
Millimeter Wave Bands

Hirayama, Koichi
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The free-space method determines the permittivity and permeability of a
sample by measuring the reflection and transmission coefficients of a radio wave perpendicularly
incident on a flat-plate sample. We demonstrated that for the free-space method, in which the
S-parameters are measured by placing the sample at the focus of a conical horn antenna with a
dielectric lens, the estimation accuracy is improved by assuming that the measured transmission
coefficient at the sample is equal to the transmission coefficient at the sample for a
Gaussian-shaped beam. We also proposed a method for estimating the permittivity of a sample by
measuring the S-parameters without displacing the receiving antenna. Furthermore, we showed that the

estimation accuracy of the permittivity of a sample is comparable even when the size of the
apparatus for the free-space method is reduced to one-half the size of the conventional method.
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