
The development of the high power, and long pulse
millimeter wave transmission component is inevitable for
the high temperature steady state plasma confinement
experiment in the LHD. In order to accommodate high
power of the order of 1 MW, long pulse or CW transmis-
sion with high reliability, the evacuation of the system
and the developments of the corresponding components
are necessary. Due to the successful development and
the simultaneous operation of the three, 77 GHz and
one 154 GHz 1MW gyrotrons, total injected power of
ECRH into LHD exceeded 5.4 MW in FY2014. Five
corrugated 3.5 inch waveguide transmission lines have
been already evacuated using several developed compo-
nents so far. These experiences are utilized to develop
corrugated waveguide components with other inner di-
ameter. Evacuated corrugated waveguide system is now
widely used and planned to apply JT-60SA and ITER
ECRH system, but with several waveguide and corruga-
tion parameters. We have developed general design and
fabrication method of miter bend for each system. Miter
bend blocks for 63.5 and 60.3 mm inner diameter cor-
rugated waveguide systems are designed and fabricated
for 28, 70, 170 GHz. Those for 70 and 170 GHz systems
includes power monitor sub-waveguide embedded in the
reflecting mirrors. One of them is already applied suc-
cessfully in Heliotron-J and the other is under high-power
test in JT-60SA.

A set of new antenna system for 77 GHz and 154
GHz is added at 2-O port and two corrugated waveg-
uide lines which had been connected to 9.5U port are
extended to be connected fully utilizing the method de-
veloped under this collaboration.

A new type power power/polarization monitor
which can pick-up both P and S components simulta-
neously has been developed and installed on the active
transmission system of ECRH system in LHD, as one of
the applications of such development this fiscal year.

Demonstration of real-time power/polarization
monitor

The polarization detection is enabled by separating
picked-up wave to P and S-components and heterodyne
detected by harmonic mixers for both polarization with
common local oscillator composed of voltage controlled
oscillator (VCO). The IF signals from both polarizations
are directly digitized by a 2-channel Fast A/D converter
with FPGA1). The data is Fourier transformed to de-

Fig. 1: Schematic diagram of a developed polarization
monitor.

duce each intensity and phase difference between them.
The block diagram of the detection scheme is shown in
Fig.1.

The capability of separating P and S component
and deducing the phase difference between them so as
finally derive the polarization state of the transmitted to
wave inside the corrugated waveguide is demonstrated in
the polarization scan in the high power transmission line
in LHD at the frequency of 77 GHz. in Fig. 2.

Fig. 2: Example of detected signals from polarization
monitor during polarization scan experiment. a) Power
monitored. The power is 100% modulated with 15 Hz.
b),c) Detected intensity of P- and S- linear components
(dots) and those expected from the polarization change
as indicated in e). d) Phase difference between S- and P-
linear polarization components (dots) and that expected
from the polarization change as indicated in e). e) α and
β expected from the movement of the polarizers using the
analytical model. The direction of linear polarization is
scanned ( α scan with β =0 ) for this shot. The intensity
and phase differences in b),c) and d) are analyzed from
FFT the data of the time span of 216 points taken by
a fast A/D converter with 800 Ms/s. Time interval of
each time span is determined by the data transfer rate
between A/D converter and the time for FFT analysis
in the workstation.
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In a high-power Electron Cyclotron Resonance
Heating (ECRH) system for plasma heating, a long-
distance and low-loss transmission system of the
millimeter-wave is required. A real-time monitor of
the millimeter-wave beam position and its intensity pro-
file, which can be used in a high-power, evacuated, and
cooled transmission line, is proposed, designed, manufac-
tured, and tested. The beam-position and profile mon-
itor (BPM) consists of a reflector, Peltier-device array,
and a heat-sink, which is installed in the reflector-plate
of a miterbend. The BPM was tested using both sim-
ulated electric heater power1) and high-power gyrotron
output power2). The profile obtained from the monitor
using the gyrotron output was well agreed with the burn
patter on a thermal sensitive paper.

Fig. 1: High-power test configuration using gyrotron
output. The BPM was installed at the second miterbend
from the matching optics unit (MOU) and the power
reflected by the BPM was completely absorbed by the
water dummy-load.

High power test was conducted using the Mega-
Watt millimeter-wave power of a 154 GHz gyrotron in
the LHD ECH system. The test configuration is shown
in Fig. 1. First, the constant current was started to flow
to the serially connected Peltier-devices at t = 0. Then,
the gyrotron power was turned on with 0.5 s pulse-width
every 20 s. The temporal evolution of the voltages of
the typical Peltier-devices, U01(edge), U16(nearest cen-
ter), U30(near center), and U48(edge) are plotted in Fig.
2 a). The timing and the pulse width of the gyrotron
pulses are also indicated as VA (gyrotron anode voltage)
in the figure. Immediately after the gyrotron turn-on,
the voltage of each Peltier-device decreases quickly and
gradually recovers after the gyrotron turn-off. The wave-
form of the voltage is shown particularly for U30 in the
expanded Fig. 2 b) in detail. The time derivative of the
smoothed Peltier voltage and S-value for U30 are shown

in Fig. 2 c), where S = −δ(ΔVsmooth/Δt)/Vsmooth. At
the earliest timing among the timings when the value,
S, for all Peltier-devices reach the maximum after the
gyrotron-on timing, the values, S, of all Peltier-devices
were mapped on the each Peltier-device position. The
mapped data are shown in Fig. 3 b) together with the
burn pattern taken by a thermal sensitive paper in a).
Good agreement between the mapping of S and the burn
pattern was obtained. In this case, the maximum inten-
sity position was slightly off-axis．The peak area and the
shape of the intensity profile are quite similar to those of
the burn pattern2).

Fig. 2: a) Temporal evolution of the typical Peltier-
devices, such as U01, U16, U30, and U48. The timing
and pulse width of the gyrotron turn-on is also plotted
as the anode voltage VA of the gyrotron. b) The ex-
panded time trace of Peltier-device voltage and VA for
U30 from t =55 sec to 80 sec. c) The time deference of
the smoothed Peltier voltage and S-value for U30, where
the suffix “smooth” is abbreviated.

Fig. 3: Pattern of the temperature increase of the re-
flector. a) Burn-pattern obtained using a thermal sen-
sitive paper. b) A mapping of S-values on the Peltier-
device positions. The black dashed-line ellipse indicates
the wave-guide boundary.
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