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Investigation of quantum frequency up-conversion process in SIS junctions and
its application
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We have established a simulator to theoretically calculate the frequenc
up-conversion characteristics of a superconductor-insulator-superconductor (SIS) junction, whic
predicted possible conversion gain and quantum noise performance. We measured the up-conversion
characteristics of an Nb/AIOx/Nb mixer fabricated at the National Astronomical Observatory of Japan,

and succeeded in experimentally observing the conversion gain for the first time in the world as
far as we know. Furthermore, we tried microwave amplification by connecting the SIS up-converter and
the SIS down-converter in series, which demonstrated the noise temperature of less than 10 K and
the gain of more than 10 dB comparable to a typical semiconductor amplifier. The power consumption
was estimated to be about 1 micro-watt which is 3-4 orders of magnitude lower than that of the

amplifier.
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