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Development of the Analog Signal Receiver System for the Next-generation Solar
Wind Observation System

#Haruto Watanabe®), Kazumasa Iwai®), Ken’ichi Fujiki®), Yusuke Kagao®), Daichi Takehara®)

(Unstitute for Space-Earth Environmental Research, Nagoya University

The solar system is filled with solar wind, which is a supersonic plasma flow blowing from the Sun. The solar wind can be
observed by using interplanetary spatial scintillation, a phenomenon in which the solar wind plasma along the line of sight
scatters radio waves from radio sources. We have observed the interplanetary scintillation with a radio observation system
including a 4,000 m? radio telescope at a frequency of 327 MHz, and have analyzed the solar wind. We are now developing
a next-generation solar wind observation system equipped with 2D phased array and digital beamformer systems. The next
generation observation system will have the capability to generate solar wind velocity and density data approximately 10
times greater than the existing system and be expected to improve an accuracy of the space weather forecasting systems.

In this study, we are developing an analog receiver system for the next-generation observation system. The objective is
to achieve high gain and noise performance for a sub-array consisting of 16 dipole antennas, assuming that the observation
target is a weak radio source of 1 Jy or less. The three required functions of the receiver system are: 1.) combining the
received signals from the 16 dipole antennas, 2.) amplifying the combined signal to the minimum required power by the
digital backend, and 3.) bandpass filtering in the required frequency band.

We have made a level diagram of the receiver chain and studied the gain and noise figure of the entire receiver system. For
the input noise, we have estimated the antenna noise temperature by convolving the sky model “pyGDSM-GSM2016” with
the antenna pattern calculated by the electromagnetic simulator HFSS. For the signal power combiner, we have developed a
16-port combiner that can combine 16 signals at once with an input loss of 0.51 dB, and have evaluated its performance.

From the level diagram including the results of these evaluation measurements and simulations, we have determined the
specifications for an amplification system. It consists of two stages: a low-noise amplifier with 30 dB gain and 0.8 dB noise
figure, and an amplifier with 40 dB gain. It was also found that the coaxial cable between the antenna and the combiner had
a large insertion loss of 1.32 dB. Replacing this cable with a 0.3 dB low-noise cable is expected to decrease the system noise
temperature by 70 K or less. These specifications will achieve a gain performance that meets the minimum power requirement
of the digital backend and a noise performance that can receive 1 Jy or less radio signals. As a perspective, we plan to prepare
a prototype amplification system that meets the specifications and perform evaluation measurements of the gain and noise
figure for the entire receiver system.
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