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Transfer Matrix Method for Analyzing the Characteristics of
Multiple-Ring Higher Order Microring Resonators

DONG Xiao-wei, PEI Li, JIAN Shui-sheng
(Institute of Lightwave Technology, Beijing Jiaotong University, Beijing 100044, China)

Abstract The microring resonator coupled with the input/output channel waveguides can be applied in filter due to
its compactness, functionality, and the possibility of dense integration. In order to achieve flatter tops and sharper
rolloff in the passband, the multiple-ring higher order structure is employed. Both the transfer functions of “series-
coupled” and “parallel-coupled” multi-ring high order filters are derived using the transfer matrix method. For the
“parallel-coupled” structure, the symmetric spectral response is achieved by optimizing the ring distance, while for
the “series-coupled” structure, the performance is determined by the coupling coefficients between the ring and ring.
In order to obtain maximally flat response passbands, the numerical results show that the proper coupling
coefficients should be symmetric and smaller in the middle of the structure.
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Fig. 1
(a) parallel-coupled multiple-ring resonator filter; (b) series-
coupled multiple-ring resonator filter; (c) the structure of single-

ring resonator coupled with input/output waveguides
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Fig. 2 Transmission spectra at drop channel with

varying interresonator gap
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Fig. 3 Transmission spectra at drop channel of single-,

double-, three- and four-ring resonator filters
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Table 1 Optimization design of the ring-ring coupling

coefficients to achieve maximally flat response passbands
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Fig.4 Flat responses of drop channel with

interresonator coupling coefficients
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Fig.5 Transmission spectra at drop channel of single-,

double-, three- and four-ring resonator filters
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