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Abstract

Due to the increasing research demand of integrated photonics and silicon photonics, optical iso-
lators in integrated systems on chip have attracted great interest. Recent research efforts have ex-
plored non-reciprocal optical isolators and demonstrated non-reciprocal transmission contrasts
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when waves are transmitted forward or backward. A circulator belongs to a class of nonreciprocal
devices of isolators. However, it is still questionable whether such circulators can provide speci-
fied ring-direction transmission under specific conditions. In this paper, we analyze the dynamic
nonreciprocity of optical circulators based on the principle of electromagnetic-like induced
transparency. The results show that such a circulator can achieve signal isolation with specific di-
rectional transmission at non-single frequencies when energy is transmitted.
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Figure 1. Schematic representation of fully symmetrical
specific material structures
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Figure 2. (a) Diagram lines of bright resonators; (b) Diagram lines of dark resonator
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Figure 3. Transmission lines of bright and dark resonators
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Figure 4. (a) Schematic of the structure of the specific material with a fully symmetric double dark state structure; (b) EIT
transmission pattern
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Figure 5. (a) Schematic structure of a double-ring circulator; (b) Transmission curve of a double-ring circulator
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Figure 6. (a) Plot of field strength distribution at a frequency of 0.778 GHz; (b) Plot of field strength distribution at a fre-
quency of 0.854 GHz; (c) Plot of current distribution at a frequency of 0.778 GHz; (d) Plot of current distribution at a fre-
quency of 0.854 GHz
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