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A Study on Resonance Properties of a Terahertz Asymmetric
Split-Loop Resonator Type Metamaterial for High Quality Factor
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Abstract A terahertz asymmetric split-loop resonator (ASLR) was analyzed for use in high-sensitivity sensing
applications. Its structural asymmetricity induces an asymmetric Fano resonance which has a high quality factor
compared to the symmetric eigen-resonance. The variations of the resonant frequency, transmission coefficient, and
quality factor of the ASLR in the eigen and Fano resonances are analyzed as a function of its structural asymmetricity.
Also, the surface current densities on the ASLR in both resonances are calculated to analyze the main cause of the
variations of its transmission characteristics. The surface current of the ASLR in the eigen resonance shows a dipole
resonance, which increases the radiation loss and reduces the quality factor. On the other hand, the surface current
of the ASLR in the Fano resonance shows a trapped or quadrupole mode which has a low radiation loss. Therefore,
the ASLR operated in the Fano resonance has a high quality factor. Terahertz, high-performance filters and high
sensitivity sensors can be developed based on our analysis results of the ASLR having a high quality factor. These
high-performance devices based on terahertz metamaterials could increase the adoption of terahertz industrial
applications.
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Fig. 1. Schematic of an asymmetric split-loop resonator
(ASLR)
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Fig. 2. Transmission coefficients (S21) of an ASLR
operated in mode 1 according to the variation
of the offset length.
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Fig. 3. Quality factors of an ASLR operated in mode 1
according to the variation of the offset length.
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Fig. 5. Quality factors of an ASLR operated in mode 2
according to the variation of the offset length.
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Table 1. Variation of a resonant frequency at each
resonance according to the variation of the
offset length.

[GHz]
0 25 5 75 | 10 [ 125 15 | 175
[um] | [um] | [um] | [um] | [um] | [um] | [um] | [um]
Eigen | 791 | 796 | 822 | 855 | 898 | 963 | 1015 | 1064
Fano 1 623 | 615 | 589 | 568 | 544 | 524 | 501
Fano 2 | - - - - | 1440 | 1408 | 1371 | 1332
(a) mode 1
[GHz]
0 25 5 75 | 10 | 125 15 | 175
[um] | [um] | [um] | [um] | [um] | [um] | [um] | [um]
Eigen | 1399 | 1336 | 1293 | 1241 | 1197 | 1155 | 1121 | 1086
Fano 1431 | 1449 | - - - - -
(b) mode 2
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