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Abstract:

A solar power satellite (SPS) is defined as a system that generates electricity in orbit, and
transmits it wirelessly to the earth by microwave beams. It has been required highly accurate
and highly efficient beam forming technologies when transmitting energy by using microwaves.
In order to satisfy these requirements, it has been considered to use a phased array antenna
(PAA), which steers directions of the microwave beam by controlling excitation amplitude and
phase of microwaves. To control them, a phase controlling and power amplifying module
(PCPAM) consisting of RF power amplifier and phase shifter is mounted on the PAA.

The SPS and other experimental satellites will be exposed to severe space environments,
including several factors such as radiation and thermal vacuum. These environmental factors
have a potential to cause changes or damages to the characteristic of PCPAM. Hence, the
PCPAM must withstand the severe space environment so as not to adversely affect beamforming.
Therefore, it needs to be evaluated the space environmental resistance of the PCPAM.

Prototypes of the PCPAM was developed, and a total dose test using electrons to evaluate
the radiation-resistant of prototype modules was carried out. In this total dose test, irradiation
dose was set to the equivalent to the radiation dose on geostationary orbit. The maximum dose
was equivalent to 40 years, and the minimum dose was 10 years.

According to obtained results, the electron irradiation has induced approximately 1 dB
decreasing averagely at gain, but no dose-dependent has been confirmed. These results indicate
that these decreases must be solved by somewhat ways since electron environment cause
efficiency of the power transmitting and the electric energy lower than designated value. On the
other hand, it is showed that the phase shift can be controlling sufficiently by means of a 6bit-
digital phase shifter under the electron irradiation environment.

In this paer, we described the details of the experiments and evaluation.
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Fig.1 Solar power satellite (SPS).
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Fig.2 Phase controlled and power amplifying module.
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Fig.3 Configuration of the total dose test.
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Table2 Conditions of the input signal in measuring gain and phase shift.

Input power[dBm] Frequency [GHz]
Gain 5~17.5 5.8, 5.75
(Number points:200)
Phase shift 17.5 5.8, 5.75
Port1 VN A Port2
(f (O] Q
L ’ =
30dB (ZAEHI IS TR
PhS H DRV H PA

PC

Fig.5 Block diagram of the measurement system.
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Fig.6 Comparisons of gain at input power of 5 dBm and

frequency of 5.8 GHz.
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Fig.7 Comparisons of gain at input power of 16 dBm and

frequency of 5.8 GHz.
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Fig.8 Comparisons of gain at input power of 5 dBm and

frequency of 5.75 GHz.
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Fig.9 Comparisons of gain at input power of 16 dBm and

frequency of 5.75 GHz.
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Table3 Control error of the phase shifter at the 5.8GHz

frequency.

Phase shift error [deg.]

year -5.6 -11.2 -22.5 -45 -90 -180

10year 0.52 2.13 13 1.3 0.06 1.94

20year 0.73 2.45 0.34 1.01 | 1.47 3.34

30year 0.55 1.85 1.35 1.21 ¢ 1.98 0.99

40year® | 0.73 2.2 0.98 0.57 | 0.45 13

40year® | 0.03 1.94 1.63 037 @ 011 1.39

Table4 Control error of the phase shifter at the 5.75GHz

frequency.

Phase shift error [deg.]

year -5.6 -11.2 -22.5 -45 -90 -180

10year 0.23 1.47 231 1.77 { 2.01 2.14

20year 0.65 1.98 1.42 1.21 i 0.47 1.53

30year 0.38 171 1.72 1.72 ¢ 241 2.37

40year® | 0.68 191 1.67 123 @ 158 1.66

40year® | 0.45 171 1.85 136 @ 142 1.33
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