§24. Development of a Millimeter-Wave
Beam Position and Profile Monitor in an
ECH Transmission Line

Shimozuma, T., Kobayashi, S., Ito, S., Ito, Y.,
Mizuno, Y., Okada, K., Takita, Y., Kubo, S.,
Yoshimura, Y., Igami, H., Takahashi, H.,
Nishiura, M., Mutoh, T.

In the long-distance transmission lines, the reliable
gyrotron operation was much improved by the evacua-
tion, sufficient cooling and precise alignment of the sys-
tem. We have been developing an alignment method
of the corrugated waveguides and the propagation mode
analysis in the waveguide. Recently we are also develop-
ing a real-time beam-position monitor (BPM), which can
measure the position of the high power (Megawatt level)
millimeter wave (mmw) propagating even in the evacu-
ated corrugated waveguide?. Two-dimensional Peltier
devices are installed and aligned on the atmospheric side
of a thin miter-bend reflector. The schematic diagram
of the BPM is illustrated in Fig. 1. A mmw-beam prop-
agating in the corrugated waveguide is reflected on the
mirror surface of the miter-bend and partly absorbed in
the reflector plate. The generated heat by the Ohmic loss
diffuses to the outside of the reflector and removed by the
Peltier devices. Two-dimensional Peltier-device array is
installed on the outside of the reflector. When these de-
vices are connected serially and driven by the constant
current control, the voltage change of each device is al-
most linearly proportional to the temperature change of
the cold side of the device, when the temperature at the
hot side of the Peltier device is kept constant. The infor-
mation of the two-dimensional temperature profile of the
miterbend reflector can give the real-time information of
the position and profile of the millimeter wave beam.

A prototype equipment, which consisted of a cop-
per reflector, a 2D array of eighteen Peltier devices (20
mm square), a heat sink, a power supply, A/D conver-
tors and a control PC, was constructed and tested. At
the beginning, this equipment was tested using a circular
electric heater (45 mm in diameter, heating power was
about 14 W) attached on the reflector plate. The heated
positions could be well distinguished. Then, the equip-
ment was installed in one of the miterbends in the LHD
transmission line, which is connected to an 82.7 GHz gy-
rotron. Another side of the miterbend was connected to
a dummy load. High power test was performed using
82.7 GHz power with about 200 kW and 100 ms pulse
every 30 s. The temperature increase of the reflector
measured by an RTD was about 0.5 degree around the
center. Figure 2 a) shows the voltage change normal-
ized by the initial voltage of each Peltier device. Each
quadrate in the figure corresponds to the device posi-
tion. The ellipse indicated by a white dashed line shows
a cross section of the corrugated waveguide at the miter-
bend. In this case, the maximum of the voltage change

was slightly off-center. After the test, we took a thermal
image by an IR camera on an absorber-coated miterbend
reflector at the same setting. Figure 2 b) shows the ob-
tained IR image. The peak temperature position well
coincides with the position of the highest voltage change
shown in Fig.2 a).

The system upgrade of increasing the Peltier device
number for higher resolution was performed. Fifty-two
Peltier devices with 10.3 mm square size were aligned on
the double-sided circuit board shown in Fig. 3, because
many cables were required to measure the voltage differ-
ence of each device. A reflector was made of a copper-
SUS cladding material, and a heat sink is water-cooled
to withstand a steady-state operation. This device will
be tested soon.
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Fig. 2: High power test result of a BPM using 82.7GHz
gyrotron output. a) Output voltage pattern of BPM, b)
IR image of the absorber-coated reflector viewed from
outside .

Fig. 3: A higher resolution BPM with 52 Peltier devices.
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