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Permittivity (ε) and permeability (µ) are two major parameters used to characterize the electric and magnetic properties of materials. For certain applications in microwave engineering it is difficult to find a naturally material with wanted values of ε and µ. Metamaterials (MTMs) comprise a set of artificially structured composites with tunable ε and µ that are difficult to obtain with naturally materials. A major drawback in most MTMs realized to date is the losses. To overcome this suffering, this work is proposed using high dielectric resonators (DRs) that are provide suitable performance for MTMs. First resonance frequency is so high (e.g. 10~20 GHz) that the long-wavelength condition cannot be met, so effective medium theory cannot be used to characterize them. As a result, it is desirable to design dielectric resonator that resonance modes can be tuned to lower frequencies (e.g. 1~5 GHz). This work is proposed a commercial epoxy paste as a high dielectric resonator with good temperature stability and low dielectric loss to guarantee the effective media effect. By depositing or embedding epoxy paste as a high dielectric constant resonator on top and bottom of the wavelength, the first resonance can be tuned significantly to lower frequency (e.g. 1~5 GHz) range so as to meet the long-wavelength condition. The most widely used dielectric material is an epoxy-BaTiO3 composite while, polymers such as epoxy and polyimide can be used as the dielectric material. In some applications, epoxy has a low dielectric constant, while, ceramics such as BaTiO3 have a high dielectric constant, but their processing temperature is high (~850°C) and not compatible with the regular printed board manufacturing process. Since, by combination of epoxy with low temperature process ability along the high dielectric constant of BaTiO3 can provide the material can provide resonators suitable for MTMs and passive filter devices at microwave frequencies. To verify the theoretical predictions, the proposed design has been analytically studied, fabricated and measured, showing a good agreement between measured and analytical results.
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