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Development of the phased array antenna system for next generation solar wind
observation system
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A radio wave of astronomical object can be scattered by plasma disturbances in solar wind flowing through interplanetary
space. This phenomenon is called interplanetary scintillation (IPS). Nagoya University has analyzed solar wind and coronal
mass ejections (CMEs) by observing IPS of astronomical radio sources at an observation frequency of 327 == 10MHz. Large
radio telescopes uniquely developed by the university and installed at three locations in Japan. The obtained data can predict
the arrival of solar wind and CMEs to the earth. Hence it is important role in forecasting space weather. In recent years, it
has become clear that increasing the number of observations is necessary to provide more accurate space weather forecasts.

Therefore, we are developing a large-scale flat phased array with digital beamforming that can simultaneously synthesize
up to eight beams. This observation system enables observations 10 times greater than that the of existing instruments (the
number of objects is 1,000). As for the antenna system concept, 1024 sets of subarrays will be laid out on a metal reflector.
Its subarray consists of 16 dipole antennas arranged at half-wavelength intervals on a straight line.

In this study, we will develop a subarray that satisfies a beam size of 110° X 7° and has impedance matching at the
observed frequency. To estimate the beam size, we ran the simulation on the electromagnetic simulator HFSS. Within the
simulation, a dipole antenna of the same size as the prototype dipole antenna and a metal reflector were placed at distances
of 10, 20, 30, 40, and 50 cm calculate the beam size. As the result, the maximum beam size of 90° was obtained at 30
cm. Since this does not satisfy the desired beam size, modifications are needed, such as adjusting the length of the antenna
elements. To investigate the effect of mutual coupling between antenna elements, we placed prototype dipole antennas 3 x 3 at
half-wavelength intervals, measured the S11 (reflection coefficient) of the central antenna, and evaluated it in terms of power
transmission loss ratio. From the experiment, it was confirmed that the power transmission loss ratio at the well-matched
frequency was more than 99% for both the single element and the 3 x 3 arrangement, and no change was observed. But the
well-matched frequency shifted to the higher frequency side by approximately SMHz. This shift to the high-frequency side
was also confirmed by the measurement results of different array patterns. Therefore, we consider that it is essential to design
antennas that take this result into account. As a perspective, we plan to conduct similar experiments with a modified antenna
that is better matched at 327MHz and evaluate its power transmission loss rate.
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