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Ultralow-voltage optical modulator for optical interconnection of superconductor
integrated circuits
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For optical interconnection between superconductin? integrated circuits and
CMOS memory integrated circuits, we proposed and developed an optical modulator that can be driven
by ultra-low voltage. In this study, we solve this problem by using a Mach-Zehnder optical modulator
with semiconductor potential-tailored quantum well microring resonators.

Our research results show that at cryogenic temperatures, where superconducting integrated circuits
operate, the proposed modulator has the potential to operate at a voltage of 0.4 mV, which is
approximately 1/5000 of that of conventional optical modulators. We also established fabrication
techniques for the proposed optical modulators and measurement techniques under liquid helium at
cryogenic temperatures. This will enable direct reading of the output from superconducting
integrated circuits via optical interconnection, and is expected to lead to integration and fusion
with CMOS circuits that do not require a voltage booster circuit.
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