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MIKPOXBHJIBOBI ®1JIbTPH 13 SMIHHUMU ITAPAMETPAMUAU
HA BA31 KOMIPOK METAMATEPIAJIIB

VY nonoBiAl po3rasHyTI COCOOM YHpaBIiHHS CMyramMu IMPOIYCKAHHS 1 PEXEeKIii
MIKPOXBUJIBOBUX (IIBTPIB Ha 0a31 KOMIpOK MeTamaTepiaiiB. Po3ristHyTo 0coOIMBOCTI
nepedyn0BY MapHUX 1 HEMAPHUX MOJ KOJMBaHb B 3aJIKHOCTI BIJl MICIS IMIIKIIOYEHHS
BapakTopiB. MojenoBaHHs MPOBOAMIIOCS 3a JOMOMOTOI0 TMPOTPAMHHUX MPOAYKTIB
Microwave Office.

The report considers ways to control the bandwidth and selectivity of microwave
filters based on cells of metamaterials. Peculiarities of even and odd modes of
oscillations depending on the place of connection of varactors are considered. The
simulation was performed using Microwave Office software products.

Microwave filters with controlled characteristics are widely used in modern
telecommunications technology, and numerous publications in modern literature are
devoted to their study [1-7]. In [8], a design of a bandpass microstrip filter with a
controllable passband was proposed, which, as it is now found out [9, 10], can be
classified as “cells of a metamaterial with controllable characteristics” (control of odd
mode parameters). Investigation of metamaterials with controllable characteristics and
filters based on them are devoted to works [11-13].

The purpose of our report is to select the optimal method for controlling the
parameters of the cells of metamaterials both in band-stop and bandpass filters. Let us
first of all consider the control of vibration modes of a metamaterial cell using varactors.
In the microwave range, take into account that a varactor is not just a variable
capacitance, but a 2-pole with its own "useful” and "parasitic” parameters [14]. In fig. 1
a) shows a model of a notch filter (AWR software environment) with a varactor
connected in the middle of the microstrip resonator, and fig. 1 b) parameter S21 of the
filter at different values of the varactor capacitance (capacitance C is indicated in the
figure in pF). The most important feature of this method of turning on the varactor is
that one (first, which is also odd) harmonic "remains in place", while the second
harmonic is rearranged significantly and at C = 3.1 pf it approaches the first harmonic so
much that the Fano resonance mode is realized.
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Fig 1. Tuning of the "even" harmonic of the microstrip resonator.

To tune the odd harmonics (first and third), we include a varactor in the gap of the
microstrip resonator in Fig. 2 a). In fig. 2 b) are presented filter characteristics at
different values of the varactor capacitance (capacities are indicated in the figure in pF).
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Fig. 2. Tuning of "odd" harmonics of a microstrip resonator.

We observe, as expected, the rearrangement of the "odd" 1st and 3rd harmonics, the
second harmonic (“even") does not change with this method of switching on the
varactor.

Other methods of tuning the frequency of microstrip resonators are also known. In
the process of fine tuning the band-stop filters to obtain anomalously high levels of
attenuation (Fano resonance) and group delay (GD), we used a dielectric plate with a
permittivity not exceeding the permittivity of the substrate (Fig.3a). The more the plate
“covers” the resonator, the lower its resonant frequency. Approaching the resonant
frequency of the short resonator ("odd" mod) to the resonant frequency of the long
resonator (even mod), we also achieve the Fano resonance, as shown in Fig. 3.b).
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Fig. 3. Tuning the "cell of the metamaterial™ using a dielectric plate.

Let us note one more way of influencing the characteristics of filters based on
metamaterial cells of some elements of its design. If, in the bandpass filter investigated
in [15], we change the real thickness of the wire, which provides a short circuit of the
“long” resonator, that is, in fact, its parasitic inductance, then it is possible to quite
effectively regulate its bandwidth and the position of the damping poles, as
demonstrated in fig. 4. The dotted line shows the theoretical curves of the transmission
coefficient S21 (the diameter of the wire providing the short circuit varies from about 5
to 2 mm), the "theoretical” solid lines for S21 and S11 (the wire diameter is 1 mm) are
in good agreement with the experimental results.
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Fig. 4. Layout of a band-pass microstrip filter (Fig. A) [15] and its characteristics
for different parameters of the parasitic inductance of the short-circuit wire.
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