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Electromagnetic parameter extraction method for non-uniform
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Abstract: The accurate testing of electromagnetic parameters for foam absorptive materials presents a significant challenge. In this
study, we developed an electromagnetic parameter ( complex permittivity) characterization method based on the reflectivity calculation
theory. By establishing a relationship between the electromagnetic parameters and reflectivity, we achieved precise characterization of the
foam absorptive material* s electromagnetic properties. We propose a measurement system using the arcuate method, where the
reflectivity for both vertical and horizontal polarizations is measured at different incident angles. The inversion problem is solved using the
Newton-Raphson iteration algorithm. This approach only requires the amplitude of the reflectivity, thus eliminating the impact of phase
errors. The proposed testing and characterization method only needs a single sample without the need for precise cutting, preserving the
microstructure of the foam absorptive material and minimizing the influence of processing errors. To validate the proposed testing scheme
and algorithm, experiments were conducted in the frequency range of 8 GHz to 12 GHz, and the results were compared with those
obtained using the classic waveguide method (NRW). The experimental results demonstrate that the theoretical reflectivity values for
expanded polypropylene (EPP) at different thicknesses and angles match well with the measured values. Except for resonance points,
the deviation between the theoretical and measured values ranges from 0. 087 dB to 0. 806 dB, which meets the arcuate method testing
requirement (=1 dB) , thereby verifying the feasibility and effectiveness of the proposed electromagnetic parameter extraction algorithm.
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Table 1 Material parameters and inversion

deviation of the simulation setup (10 GHz)
MR TEEE & /e, REKM e /e, W2/ %
K 7.05/3. 00 7.06/2.98 0.17/0. 63
B ¥ 6.70/1.42 6.70/1.42 0.06/0. 12
ORZN 2.25/0. 80 2.25/0. 80 0. 07/0. 09
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Fig. 5 The diagram of the testing environment and sample
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Table 2 Thickness information of the test EPP material

FEagRS  CFHEE/mm FERARS P HYJEEE/mm
Pl 2.843 P4 20.720
P2 4.947 PS5 30. 585
P3 9.398
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Table 3 Thickness information of the test waveguide block

PR VAR mm  mms  FEE mm
1# 5.118 44 4. 886
24 4.811 S5# 5. 040
3# 5.097
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Table 4 Comparison between the measured reflectivity

and the calculated reflectivity at specific frequency

points at 28. 2°HH-Pol (dB)

8 GHz 9 GHz 10 GHz 11 GHz 12 GHz

SEPfE -0.765 -0.913  -1.027 -1.185 -1.39%

Pl BB -0.959 -1.079 -1.217 -1.272 ~-1.727
P 2% 0.194  0.166  0.190  0.087 0.333
SCNME -10.038  -9.780 -8.902 -8.288  -7.791

P3 BB -9.840 -9.717 -8.804 -8.389 -7.772
(E= 0.198  0.063  0.098  0.101 0.019

SCME -12.997 -21.277 -23.531 -14.972 -12.835

P4 FHBMH  -12.878 -24.759 -24.519 -17.613 -13.641
2% 0.119  3.482  0.988  2.641 0. 806
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