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ITOJIOCOBBIE MUKPOBOJIHOBBIE ®HUJIbTPbI
HA BA3E AYEEK METAMATEPHUAJIOB

B noknagme paccMOTpeHbl METOAMKM pacuera IOJIOCOBBIX (UIBTPOB Ha 0aze sueek
MeTamarepuanoB. [IpuBeeHbl peKOMEHJAIUU TI0 BBIOOPY MapaMeTpoB (GUIBTPOB IS OOECIeUeHUsS UX
ONTUMATBHOM M30MPATETLHOCTH 32 MPEIeNIaMU MOJIOCHI MPOMYCKAHUS.

This article considers methods of calculation metamaterial cell based band-pass
filters. The recommendations for the selection of filter parameters to ensure their
optimal selectivity beyond the bandwidth.

The most common type of metamaterial cell used in microwave technology is the
so-called Split Ring Resonator (SRR). The SRR associated with the microwave
transmission line forms a band-stop filter, a embedded in the transmission line gap forms
a band-pass filter [1]. Transmission and reflection coefficients of a band-pass filter
based on a single SRR cell are given in [2]:

T=K{/(1+K;)- K,/ A+K,); (1)

Here K;, K, — are the complex coupling coefficients of the resonators with the load,
defined as:

K, =KI[1 +i(€+a)], Ky =K2/[1+iE-a); ()

where K1, K2 - coupling coefficients of resonators with load, defined as the ratio of the
eigen and loaded Q-factors of the first and second resonators, respectively [3]; € is the
generalized frequency deviation of each of the resonators with respect to the central
frequency of the passband fo = (f1 + f2) / 2; a - a generalized detuning between the
frequencies of individual resonators, defined as



a = 2%(f1-f2)*\/(Q1 * Q2) / (f1 + £2) (3)

f1 and f2 are the resonant frequencies of the first and second resonators, Q1 and Q2
are their Q factors.

Since, generally, a metamaterial cell is located in a band-pass filter in a gap of a
limited extent (for example, the filter in Fig. 1), we also take into account the final
denouement between the input and output of the filter beyond the band-pass filter in the
form:

T=T+jD 4)

Here, T is the transmission coefficient defined by formula (1), and D is the out-of-
band decoupling, determined experimentally or calculated for each specific case,
depending on the type of transmission line and magnitude of evanescent area.

Fig. 1. Band-pass filter with "half-wave" and "wave" resonators connected in parallel

Note that by changing the resonant frequency of one of the resonators (which is
equivalent to changing the generalized detuning "a" in formula 2), we are able to control
the bandwidth of the filter.

The relations 1-4 given above can be used to construct the characteristics of a band-
pass filter based on a metamaterial cell in an analytical form.



Simulation of the band-pass filter in Fig. 1 was made using the Microwave Office

program. The simulation results are shown in Fig. 2
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Fig. 2 a) the experimental characteristic of the band-pass filter in Fig. 1;
b) the characteristic of the filter in Fig. 1, calculated using the Microwave Office program.

A good coincidence of the calculated and measured characteristics of the filter

indicates the correctness of the chosen model.
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