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Abstract— Owing to the recent research a method of estimating transmission coefficients for
a waveguide of rectangular cross-section loaded with multi-layered parallel-plane dielectrics is
found. Consequently, the analysis of the transmitted and reflected fields in terms of the scatter-
ing matrix formalism can be performed explicitly. This article is mainly based on comparisons
between real measured and computed transmission coefficients of a waveguide filter. the com-
putation employs analysis of closed-form solutions and numerical multi-parameter optimization.
the presented waveguide filter is formed by multi-sectional diaphragms placed in a waveguide
of rectangular cross-section. Comparison of the computed and measured transmission coefficients
demonstrates that the difference is very low, rather marginal and thus the output of the work is
considerably promising.

1. INTRODUCTION

In this work we verify a computation model aimed at direct estimation of transmission coefficients
of filters created on the basis of multi-layered parallel-plane dielectric diaphragms in waveguides
of rectangular cross section. Waveguide filters and their analysis, synthesis and optimization is in-
teresting as far as alternative possibility of designing specific frequency selective filters is concerned.
These filters can for example suppress a specific desired band of frequencies.

This article is mainly based on the previous research presented in [1], it enhances the theory
and contains comparisons between real measured and computed transmission coefficients of a waveg-
uide filter using a technique based on the method set forth in [2, 3]. The computation employs
analysis of closed-form solutions and numerical multi-parameter optimization [4, 5]. The presented
waveguide filter is formed by multi-sectional diaphragms placed in a waveguide of rectangular cross-
section. the filter consists of a specific combination of diaphragms of FR4, plexi and RO4003 with
defined permittivities and thicknesses.

A specific behaviour of the transmission coefficient characteristic for these structures is governed
by frequency, parameters of layers, and geometry of a given filter [11].

The techniques [6, 7, 10, 13] that make use of complicated inclusions in waveguides to design FSSs
and filters employ approximate numerical schemes for calculating the transmission characteristics
that produce non-controllable errors in the filter design.

An approach presented in this article is virtually free from this drawback because it is based
on explicit formulas for the transmission coefficient obtained and applied in [6–9] and careful inves-
tigation of its properties as a function of several complex variables (see [4]) and therefore provides
more robust determination of the filter characteristics and goals. The method allows simultaneous
analysis of not only narrow band-pass but also wider band-pass and band-stop filters — rectangular
waveguides loaded with layered dielectric diaphragms.

2. PROBLEM STATEMENT

Assume that a single-mode waveguide [12] of rectangular cross section with a perfectly conducting
boundary surface contains a body which has the form of a diaphragm, an insert separated into
several sections adjacent to the waveguide walls. the waveguide is filled with an isotropic and ho-
mogeneous layered medium of constant permittivity. The sections of the diaphragm are filled each
with a medium of a constant permittivity.

Solving the forward problem for Maxwell’s equations we obtain explicit expressions for the field
inside every section of the diaphragm and outside the diaphragm. An explicit expression for
the transmission coefficient of a multi-sectional diaphragm can be obtained [1] from a system
of equations related to transmission conditions on the boundary surfaces on the diaphragm sec-
tions [6–9]:

F = 2
n∏

j=0

γj
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γnpn+1 + γ0qn+1
(1)



Progress In Electromagnetics Research Symposium Proceedings 1539

In Formula (1) the F represents the transmission coefficient, A is the amplitude of the incident
wave, n is the number of sections in the diaphragm, and other quantities and symbols like γ, p, q,
l are further explained in [6, 7].

If the presumptions above are correct the results of this theoretical approach and a real mea-
surement using a calibrated measuring devices should correspond.

3. EXPERIMENTAL SETUP

The following few points describe the experiment:

• Waveguide: R100 (22.86 mm× 10.16mm).
• Frequency range: 8 GHz–12GHz.
• Vector network analyzer: Rohde-Schawrz ZVB20.
• S-parameters are normed with respect to impedance (variable by frequency) TE10.
• Filter consisted of the following specific combination of sections (strictly in this order, in the di-

rection of propagation of the incident wave): RO4003, plexi glass, FR4, plexi glass, FR4, plexi
glass, FR4, RO4003 (information about selected materials in more detail can be found in
Table 1 below).

Table 1: Details about used materials.

Material Relative Permittivity Thickness [mm]
RO4003 3.55 1.52

Plexi glass 2.50 3.66
FR4 4.20 1.57

All important points of the experimental setup has been mentioned. Results ot the measurement
are presented in the next section.

4. RESULTS & COMPARISON

In this section we present and briefly analyse results of computations and output of actual mea-
surements.

Figure 1 shows a waveguide containing a special profile loaded with sections of different material
connected to a vector network analyser.

Figure 1: Photography of the experimental setup (a vector network analyser connected to the waveguide
containing a profile with a multilayered diaphragm).

The output of the real measurement is presented in Figure 2 and the comparison is depicted in
Figure 3.

We see that the measured and calculated data agree very well. It can be shown in addition
that the observed deviation does not exceed the accuracy frames of the experimental setup and the
tolerance of theoretical determination of permittivity of dielectrics.
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Figure 2: Results of real measurement (S21, the red line, represents the transmission coefficients).

Figure 3: Transmission coefficients computed (azure colour) and measured (magenta colour).

5. CONCLUSION

Comparison of the computed and measured transmission coefficients demonstrates that the dif-
ference is very low, rather marginal and thus the output of the work is considerably promising.
In this particular case the results prove the ideas, approach and the final implementation of the
mathematical background used for computation of the transmission coefficients of a waveguide
filter.

In further work we could aim at analysis of another more complicated filter and then estimate
the relative deviation from a set of experiments.

ACKNOWLEDGMENT

This work was partially supported by Internal Grant Agency of Tomas Bata University under
the project No. IGA/CebiaTech/2015/004. The work was also performed with financial support
of research project NPU I No. MSMT-7778/2014 by the Ministry of Education of the Czech Re-
public and also by the European Regional Development Fund under the Project CEBIA-Tech
No. CZ.1.05/2.1.00/03.0089.



Progress In Electromagnetics Research Symposium Proceedings 1541

REFERENCES

1. Tomasek, P. and Y. Shestopalov, “Parameter optimization of waveguide filters employing anal-
ysis of closed-form solution,” PIERS Proceedings, 296–299, Stockholm, Sweden, Aug. 12–15,
2013.

2. Shestopalov, Y. and Y. Smirnov, “Inverse scattering in guides,” Journal of Physics: Conference
Series, Vol. 346, 012019, 2012.

3. Shestopalov, Y., Y. Smirnov, and E. Derevyanchuk, “Permittivity determination of multi-
sectional diaphragm with metamaterial layers in rectangular waveguide,” 135–139, PIERS
Proceedings, Taipei, Mar. 25–28, 2013.

4. Chan, R., R. Mittra, and T. Cwik, “Techniques for analyzing frequency selective surfaces —
A review,” Proceedings of the IEEE, Vol. 76, No. 12, 1593–1615, 1988.

5. Antoniou, A. and W. S. Lu, Practical Optimization: Algorithms and Engineering Applications,
Springer (India) Pvt. Limited, 2009.

6. Antoniou, A. and W. S. Lu, Practical Optimization: Algorithms and Engineering Applications,
Springer (India) Pvt. Limited, 2009.

7. Yin, L., Z. Qian, W. Hong, X. W. Zhu, and Y. Chen, “The application of genetic algorithm in
E-plane waveguide filter design,” Int. J. Infrared Millimeter Waves, Vol. 21, 303–308, 2000.

8. Wu, T. K., Frequency Selective Surfaces and Grid Arrays, Wiley, 1995.
9. D’Errico, J., “Fminsearchbnd, fminsearchcon,” File Exchange, MATLAB Central,

Online: http://www.mathworks.com/matlabcentral/fileexchange/8277-fminsearchbnd--
fminsearchcon, Feb. 6, 2012, [cit. 2015-03-23].

10. Elhawil, A., G. Koers, L. Zhang, J. Stiens, and R. Vounckx, “Comparison between two op-
timisation algorithms to compute the complex permittivity of dielectric multilayer structures
using a free-space quasi-optical method in W-band,” IET Science, Measurement & Technology,
Vol. 3, No. 1, 13–21, Institution of Engineering and Technology, Stevenage, ROYAUME-UNI,
2009.

11. Goldsmith, P. S., “The quasi optical techniques,” Proceedings of the IEEE, Vol. 80, 1729–1747,
1992.

12. Jackson, J. D., Classical Electromagnetics, Wiley, 1967.
13. Monorchioand, A., G. Manara, U. Serra, G. Marola, and E. Pagana, “Design of waveguide

filters by using 21 genetically optimized frequency selective surfaces,” IEEE Microwave and
Wireless Components Letters, Vol. 15, 407–409, 2005.


