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Abstract—We have been developing superconducting tunnel junction (STJ) detectors as single pixel elements for large direct detector arrays at submillimeter wavelengths. Although up to date, STJ detectors with NEP~10-17 W⁄Hz1/2 have been demonstrated, such detectors must have background-limited sensitivity in future space observatories and further effort is needed to achieve STJ detectors with background-limited sensitivity. In order to achieve such high-sensitivity STJ detectors it is most essential to reduce electrical noise of STJ elements. This means that subgap current of STJs must be lowered by 4 to 6 orders of magnitude from the present state-of-the-art values to achieve background-limited sensitivity, since the electrical noise of a STJ is proportional to square root of its subgap current. Then we are investigating subgap tunneling current of Nb/Al·AlOx/Nb STJs experimentally and theoretically to find a way to lower it. 


It has been experimentally found that magnitude of the subgap current of Nb/Al-AlOx/Nb STJs is weakly dependent on quality of Nb films. To explain this experimental result we numerically study the quasiparticle tunneling current of STJs by taking into account the lifetime broadening of energy gap. It is demonstrated that calculated dc I-V curves agree well with those of STJs measured at temperatures below 4.2 K. It is also predicted that the subgap current is strongly dependent on bias voltage at low temperatures unlike the prediction of the BCS tunneling theory. It is also interesting to note that the decrease of a subgap current always saturates at a certain temperature when the temperature goes down. These predictions on the subgap current at low temperatures are consistent with the behavior of the subgap current of STJs experimentally obtained. These results indicate that it is essential to suppress the lifetime broadening of energy gap as low as possible to invent STJs with an extremely low subgap current at low temperatures. Thus, if a superconducting film with very small lifetime broadening of energy gap would be available, extremely low subgap current of a STJ can be obtained at low temperatures, which makes it possible to achieve a STJ detector with NEP < 10-19 W⁄Hz1/2. 

