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I have proposed and demonstrated a new array antenna configuration to increase the
transmission efficiency with a simple configuration in the field of microwave power
transmission, which is expected to be used in Space Solar Power Systems (SSPS). Using the
proposed method, a large-scale array antenna with power distribution for SSPS can be designed
in a low-cost, mass-production configuration.

SSPS is a concept of a power plant that generates solar power in space, converts the power
obtained into microwave power and transmits it wirelessly to the ground for use on the ground.
In this SSPS, it is necessary to construct a large-scale array antenna in space to transmit power
with a diameter of more than 1 km. Therefore, the SSPS wireless power transmission (WPT)
subsystem must have not only “high power transmission efficiency”, but also a “uniform
structure for mass production” and “electrical beam control” to cope with attitude variation.
As one of the means to obtain high power transmission efficiency, power distribution in array
antennas for power transmission has been studied and various methods of implementation have
been proposed. They can be roughly divided into a method of outputting different power from
each antenna element of the array antenna (method 1) and a method of adjusting the position
of each antenna element (method 2). Method 1 requires multiple types of power synthesis
circuits or power amplifiers, which results in lower efficiency and higher design and
development costs for high frequency circuits. In method 2, the spacing between the antenna
elements is changed gradually or the antenna elements are thinned out, which makes the array
configuration more complicated.

In contrast, this study proposes a method that uses a single type of power amplifier with
uniform spacing between antenna elements to facilitate mass production and to provide power
distribution. Specifically, it is a method of approximating the overall power density to a desired
power distribution by increasing the number of antenna elements in a sub-array — a group of
antenna elements connected by the same power distribution circuit — from the center to the
edge of the array antenna in a stepwise manner. By making the input power to each sub-array
uniform, a single type of power amplifier can be used to connect to the sub-array, thereby
reducing design and development costs. On the other hand, since the power distribution is
stepped in the entire array, the power distribution can be set up with a simple configuration,
and a high power transmission efficiency comparable to that of other methods can be achieved.
In theory, the construction method proposed in this study can be applied to various power

distributions to design arrays. In this paper, a 10-dB edge truncated Gaussian distribution



(hereinafter referred to as "Gaussian distribution"), which is often used in SSPS studies, is
assumed for the evaluation of the proposed method.

In this section, we briefly explain the procedure of the proposed array design. First, we
consider a circular array antenna with a diameter of D, and create a region A in the center of
the entire array, which is a concentric circle with the array. In addition, a concentric donut-
shaped region B, C, ... is provided. The number of sub-array components is set to k Xk
devices in region A. In regions B, C, ... the number of sub-array components is increased to
(k+1)2, (k+2)?,..., and (k+m)?. The ratio RE,, = k?/(k + m)? , which is the ratio of the
number of sub-array elements in region A divided by the number of sub-array elements in each
region, is defined as the number of elements ratio. The element number ratio RE,, is
substituted into the inverse of a Gaussian distribution RE,, = exp (-1,2/202); however, o =
(D/Z)/\/T(l()) is used to determine the range of a region so that the value 7, is the center
of the radial direction of each region. In this configuration, by keeping the power supplied to
each sub-array constant, the ratio of power densities output from each region becomes equal
to RE,,, resulting in a power distribution close to a Gaussian distribution as a whole.

The characteristics of the designed array antenna were analyzed numerically using array factors,
and it was found that the antenna satisfied the three requirements for WPT (“high power
transmission efficiency”, “uniform structure for mass production”, and “electrical beam
control”). Specifically, it is found that the main lobe power content is more than 5 % higher
than that in the absence of the power distribution, it is effective for large array antennas with
a diameter of more than 1 km, and it is possible to control the beam direction in the range of
several degrees. In addition, I applied the proposed method to the DOE/NASA Reference
Systems and found that k = 3 is suitable. The power transmission efficiency is 98.5 %, which
is 0.2 % lower than the ideal distribution. It is also found that the first side-lobe can be reduced
by about 0.01 mW/cm? or more than the conventional Gaussian distribution.

In this study, not only the theoretical analysis, but also the demonstration experiment was
carried out using linear array antenna of about 2 meters in length. As a result of demonstration
experiment, the actual measured amplitude and phase distribution are in good agreement with
the theoretical values. And the radiation pattern in the experiment is also in good agreement
with the theoretical prediction. Furthermore, it was confirmed that the power transmission
efficiency calculated from the experimental results also meets the achievement criteria set in
advance. Therefore, we have demonstrated that the proposed method can be applied to an actual
array antenna.

In conclusion, the array configuration method proposed in this study can design a single type
of power amplifier and an array antenna with power distribution configured with uniform
antenna element spacing. The designed array antennas meet the requirements of the WPT
subsystem of SSPS and are capable of mass production, thus contributing to the realization of
SSPS. In addition, this construction method has various design parameters such as the number
(k-value) of sub-array elements at the center of the array, power distribution function,

frequency, device spacing, array diameter, and can be applied to various fields.
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