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Fig. 1. Unit cell of tri-gate metamaterials consisting of a SRR and triple-gate field effect elements.
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Fig. 2. Permeability-controlled optical modulator. a, Plan view observed with an optical microscope. b, Oblique view of active and
dummy TGM arrays (before MZI pattern formation) observed by scanning electron microscopy. The length of the TGM array along
the arm was set to 200 pm. The phase difference between the two arms is dependent only on the permeability change of the active
TGM array and is independent of parasitic factors.
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Fig. 3. Operation of permeability-controlled optical modulator. a, Transmission intensity as a function of gate voltage measured for
1550 nm TB-polarized parallel light. Results for three TGMs with different SRR ring sizes of 300x300 nm, 350x350 nm, and
400x400 nm are plotted. b, Transmission intensity change as a function of gate voltage calculated for different lengths of the TGM
array on the MZI arm, Measured result for a length of 200 um is also plotted.
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