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MIKPOCMYXKKOBI 4-PE3OHATOPHI
®1JIbTPU 3 ITIOJTIOCAMU 3AT'ACAHHA

VY cTarTi HABOAATHCS PE3YNIBTATH MOJICIIOBAHHS YOTUPHOXPE30HATOPHUX (PIIBTPIB METOIAMH
€JIEKTPOAMHAMIKH Ta TEOpii K.

The article presents the results of modeling four-resonator filters using the electrodynamics
method and bridge circuits.

Resonators can be implemented using a variety of technologies, including
microstrip lines, which are popular due to their planar structure and ease of
integration with printed circuit boards [1]. These filters can also be reproduced on
focused elements.

The filter pictured below was modeled by CST Studio Suite. Dielectric
permeability €=2.8, substrate thickness — 2 mm, strip thickness — 5.3 mm,

tand— 0.001.
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Fig. 1. (a) Topology of the CST Studio Suite
four-resonator filter. (b) AWR equivalent circuit.

In fig. 2 (a) the gain of S,; where Fano resonance has formed, exhibiting
anomalously high attenuation of about -45dB and -30dB at the peaks and a narrow
resonant characteristic around f = 0.82 GHz.

Metamaterials are usually diagrams of equivalent chain models. Figure 1 (b)
shows the equivalent circuit modeled in the AWR Microwave Office software. In this
case, a series RLC circuit is connected to the two arms of the transformer [2]. The
simulation helped to build a microstrip filter not only with microstrips, but also with a



bridge filter circuit. Figure 2 shows the result of the scheme. Bandwidth from 780 to
860 MHz. Attenuation is up to -40dB at peaks. The poles are formed because there
are two paths of energy propagation that “intervene" in the region of zero
transmission and create a "quasi-trapped" mode or "trapped"” mode [3].
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Fig. 2. Characteristic of the four-resonator filter in CST Studio Suite and AWR.

After studying the obtained results, we can come to the conclusion that the
reflection coefficient does not change sharply in the regions of the poles. Therefore, a
sharp decrease in the transmission coefficient can be explained only by the fact that
trapped modes appear inside the structure in the region of such frequencies. The
energy of these modes is not radiated outward, but “circulates" along the closed path
1-2-3-4-1, as shown in Fig. 3. Such poles can be reached with the help of additional
connections between resonators, which makes it possible to create conditions for the
formation and maintenance of these trapped modes.

2 3
o—©
N\
o
1 4
Source Load

Fig. 3. Trajectory of propagation of trapped modes in a four-resonator filter.



The introduction of additional connections between resonators not only
contributes to the formation of trapped modes, but also allows to control their
properties. By changing the characteristics of these connections, it is possible to
change the frequency characteristics of the trapped modes, which opens up wide
opportunities for adjusting the properties of the structure. Thus, the study of the
interaction between resonators and their influence on the formation of trapped modes
is key to the development of new devices with improved characteristics [4].

Conclusion. Therefore, trapped modes appear in the form of extinction poles
(interference of even and odd oscillations). A sign of this is the presence of two
independent energy paths along which interfering oscillations propagate. With
correctly selected parameters (resonator coupling coefficients, resonance frequencies)
at a certain frequency, a complete exchange of resonator energies occurs in the
direction perpendicular to the direction of energy propagation from the input to the
output.

All 3 modeling methods gave a similar, even almost identical result, which
testifies to the variety of variations in the performance of the investigated filters.
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