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Fig. 1. (color online) Mode and circuit of the elec-
trically coupled metamaterial resonators: (a) mode
of the electrically coupled metamaterial resonators;
(b) equivalent circuit of the electrically coupled meta-
material resonators; (c) simplified circuit of the elec-

trically coupled metamaterial resonators.
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Fig. 2. Distribution and direction of the current
through the circuit of the electrically coupled meta-
material resonators: (a) current through the coupling
capacitor at lower resonance frequency; (b) no current
through the coupling capacitor at the resonance fre-

quency of the single metamaterial resonator.
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Fig. 3. (color online) Output currents and circuit
of the electrically coupled metamaterial resonators:
(a) circuit simulation models and parameters; (b) out-

put currents varying with the operating frequency.
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Fig. 4. (color online) Samples of the electrically cou-

pled metamaterial resonators.
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Fig. 5. (color online) Microwave transmission spec-
tra of the electrically coupled metamaterial resonators:

(a) experimental results; (b) simulation results.
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Fig. 6. (color online) Electric field distributions at
the resonance frequencies of the electrically coupled
metamaterial resonators: (a) at the lower resonance

frequency of 6.2 GHz; (b) at the higher resonance fre-
quency of 7.0 GHz.
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Fig. 7. (color online) Circuit model and microwave transmission spectra of the two coupled metamaterial

resonators added with the magnetic coupling: (a) circuit of the two coupled metamaterial resonators when

containing simultaneously the electric and magnetic coupling; (b) circuit of the rectangular waveguide placed

with the coupled metamaterial resonators; (c) value of the coupling capacitance and inductance at different

coupling spacing; (d) microwave transmission spectra of the coupled metamaterial resonators placed in the

rectangular waveguide.
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Abstract

In this paper, we realize the electrically coupled resonances between two metamaterial resonators based on two metal
split-ring resonators gap-to-gap placed. The theoretical analysis and numerical calculation of the microwave equivalent
circuit of the electrically coupled metamaterial resonators are performed. The results show that there are two resonance
frequencies produced by the two coupled metamaterial resonators. For the two resonance frequencies, one gradually shifts
towards the lower frequency with the coupling strength increasing, while the other is fixed at the resonance frequency of
the single metamaterial resonator. The measured and simulated results of the microwave transmission spectra show that
the two resonance peaks move respectively towards the lower and higher frequency with the coupling strength increasing.
The analysis shows that the lower resonance frequency is mainly determined by the electrical coupling strength between
the two metamaterial resonators, and the difference between the higher resonance frequency and the resonance frequency
of the single resonator is mainly caused by the inevitable magnetic coupling between the two resonators. Moreover, the
smaller the coupling space, the greater the influence of magnetic coupling is. The proposed dual resonance property
and its tunability based on the electromagnetic coupling between the two metamaterial resonators greatly enhance the

scopes of the design and application for metamaterials.
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