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Electron tube devices such as a magnetron and klystron were adopted for the microwave power
transmitter in the early concepts of the solar power satellite (SPS) systems. However, solid-state
devices become popular in the recent SPS studies. Electron tube devices still have some advantages as
follows.

+ Easier thermal control,

* High conversion efficiency,

* High power generation/amplification per one device,

* High voltage operation.

In this paper, various types of the microwave tubes that are the candidates for the SPS systems are
briefly described and compared with the solid-state devices.
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In order to propose a new SSX-MPT system, we have developed a phase-controlled magnetron and
have demonstrated an active phased array with two phase-controlled magnetrons in METLAB
(Microwave Energy Transmission LABoratory) in Kyoto University . For a new transmitter system
with revised magnetrons, we use a frequency locking technique with PLL-like feedback loop. The
frequency locking is accomplished by operating the magnetron as a reflection amplifier, and can be
used in coherent radar system.

A required power level of reference signal which is injected into the phase-controlled magnetron is
about 10 to 13 dB below the RF output power of the magnetron. We could use a solid-state driver to
produce the locking reference signal for a magnetron with the output power of hundreds of watts.
Magnetron frequency is then automatically tuned to that of the locking signal. If this condition is met,
there will be just 90 degree between the phases of the reference signal and of the magnetron RF
output.

A magnetron can be tuned either internally or externally by a mechanical motion that changes the
resonant frequency of the tube. It can also be tuned electronically in two different ways. One is to
change a magnetic force by using an external coil. The other is to change an anode current flow. Once
the microwave phase from a magnetron becomes controllable, we could easily construct an active
phased array with magnetrons. We developed a phase-controlled magnetron system with an anode
current feed-back.

The frequency of a magnetron output microwave and a reference signal frequency are compared at a
mixer. Through a LPF, we obtain a difference of two frequencies. Using the difference, we control an
anode current and lock the magnetron frequency at the reference signal frequency. After the
magnetron frequency is locked at the reference signal frequency, we could control the phase with an
inserted phase shifter.

With two phase-controlled magnetrons, we have constructed an active phased array and have carried
out a beam control experiment. For the experiment, we used standard horn antennas with the aperture
size of 28 X 38 cm and the gain of 16.9 dBi. The element spacing is 30 cm (=2.45A4 ). The
experimental results agree well with the theoretical results.

Normally, we must make the element spacing of the phased array below 1 A in order to suppress

grating lobes and suppress side lobes. However the microwave power is fed from the magnetron to a
transmitting antenna through a waveguide in our system. Therefore the side lobe levels are still huge
as seen in Fig.3. This wide spacing comes simply from the condition that a coaxial feeder and a small
aperture antenna like a dipole in such a large power microwave. It is future work to decrease the
element spacing and decrease a level of side lobes.
We have two objectives of the SSX-MPT experiment ; One is to establish a stable system for space
use under the ionospheric plasma condition. The other is to carry scientific experiments concerning the
interaction of the high power density microwave beam with the surrounding space plasma
environments. Using magnetrons, it is easier and less expensive to achieve higher microwave power
density compared to a system based on the semi-conductor microwave amplifiers. The present system
provide more realistic system for a study of a detailed nonlinear interactions between an intense
microwave and ionospheric plasma.

In order to meet a requirement on its size and power source for the JEM-EF, we are now designing a
new SSX-MPT system with the phase-controlled magnetron (Fig.4). Supplied power from the ISS is
limited to 3 kW. Therefore, we will have to use batteries for intermittent power transmission of 5 kW
microwave.
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