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To realize a multi-beam receiver which makes wide-field radio interferometer observations possible, we worked on
miniaturization of receiver components and improvement of their performance by 1) establishing an evaluation method of
element circuits for the integration of superconducting high-frequency circuits and 2) developing an integrated heterodyne
receiver module with a superconducting SIS mixer and a cryogenic low-noise amplifier.

1) In this research, we first developed a highly accurate evaluation method of a superconducting high-frequency circuit
using a cryogenic probe station. In a conventional method, superconducting circuits were mostly designed based on
the results of indirect evaluations or theoretical calculations since it was difficult to make a direct evaluation of a
superconducting circuit under extremely low temperature. Such conventional method has some drawbacks like
inevitable difference between the design and actual values which results in failing to accomplish expected properties
and the difficulty in identifying failed parts inside an integrated circuit. In the newly developed method, it became
possible to apply the design based on the actual measurement of test element group (TEG) circuits, which is
commonly used for semiconductor integrated circuits, to the design of superconducting integrated circuits too. With
this new method, a significant improvement is expected for the design accuracy of superconducting integrated
circuits.

2) We developed an integrated module with an SIS mixer and an IF amplifier, removing an isolator that makes a receiver
system larger. The performance of the module is almost the same as the conventional configuration equipped with an
isolator. The size of the module can be very compact by directly connecting an SIS mixer and an IF amplifier with
bonding wire and by removing an isolator that makes a receiver system larger and more complex. A miniaturized
module will bring a solution to the improvement of pixel density, which is one of the technical challenges in realizing
a multi-beam receiver.




