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AHOMaJIbHA JUCHepPCis | IPYNOBHIl Yac 3aTPUMKH CTPYKTYP MeTaMaTtepiaiB

VY nmaniit poOOTI MeTamarepiayibHI CTPYKTYpPH PO3TIISIAIOTHCS SK JBa PE30OHAHCHHX JIAHITFOTA
(mapanenbHUl 1 MOCHINOBHUKN), AKi 3'€HAaHI y BUTIISAAI MapajielbHUX 1 MepexpelieHnux BXOMAiB 4-
MOJIIOCHOTO MOCTa. Takuil MiAXiJ JO03BOJISE TMOIIUPUTH JEsIKi BIACTUBOCTI MOCTOBHX CXEM, IIO
HIMPOKO  BHUKOPHUCTOBYIOTHCSI Yy METpOJIOTii Ha  MeramarepiaibHi  gatyukd. HaBeneHo
eKCIepUMEHTAIbHI Ta  PO3PAaXyYHKOBI  XapaKTEPUCTHKH  METaMmaTepiaJbHUX  CTPYKTYp Y
MIKpOXBHIILOBOMY Jl1aIla30Hi.

Bridge 4-poles for the first time began to be used in electrical engineering as
precisely measuring chains [1,2]. In [2] it is noted that the Wheatstone bridge is used
to accurately measure very low resistance values. At the beginning of the 20th
century, bridge 4-poles began to be used as filters in high-frequency telephone
communication networks [3]. In [4], the properties of a 4-pole bridge, which
equivalent circuit is shown in Fig. 1, are examined in detail.

In particular, it is noted that due to the resonators finite Q factors (Q; and Q,),
the 4-pole may have characteristics with properties, that inherent to the Fano
resonance. Figure 2 shows a microstrip bandstop filter photograph [5], where the
dielectric sample is a plate 0.5 mm thick and the dielectric constant is € = 10. A
change in the position of the plate relative to the resonator leads to a change in its
resonant frequency. In this case, the filter transfer coefficient changes, as well as its
shape and the maximum achievable attenuation [6].

Figure 1. Bridge bandstop filter equivalent Figure 2. Microstrip bandstop filter with
circuit. dielectric samples for frequency tuning.
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Figure 3. Phase characteristics (a, b) and their corresponding group delay time characteristics (c, d).

In articles, reports, and reviews that consider structures based on metamaterial
cells as sensors [7—11], the amplitude characteristics of the transmission and reflection
coefficients of such structures are mainly studied. At the same time, both calculated
and experimental the metamaterial cells phase characteristics can also be used in the
measurement process, which was demonstrated in [12]. Indeed, in the above-
mentioned bridge structures measurement applications [1,2] the 4-pole balanced
properties are used, that is why there is a possibility of achieving “0” in the
measurement process”. The 4-pole transfer coefficient zero value is achieved at the
Fano resonance [4], but it is difficult to accurately detect it because of the high sensor



sensitivity in the resonance region. It is known that when “crossing the zero value”
the transmission coefficient changes sign, so that, its phase characteristic and phase
derivative, which is the group delay time, change abruptly.

Conclusion: From the foregoing, it follows that in some cases, to increase the
sensitivity of sensors based on metamaterials, it is necessary to analyze not only their
amplitude, but also phase characteristics. It is also important to note that the large
positive value of the group time delay does not mean that the causality principle is
violated [13].
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