
The polarizer is one of the critical components in a
high-power millimeter-wave transmission line. It requires
full and highly efficient coverage of any polarization states,
high-power tolerance, and low-loss feature. Polarizers with
rounded shape at the edge of the periodic groove surface are
designed and fabricated by the machining process for a high-
power long-pulse millimeter-wave transmission line of the
ECH system in the LHD.1)

The groove shape of λ/8- and λ/4-type polarizers for
an 82.7 GHz transmission line is optimally designed in an
integral method developed in the vector theories of diffrac-
tion gratings2) so that the efficiency to realize any polariza-
tion state can be maximized. Figure 1 shows the polariz-
ers manufactured by machining along with the profile of the
rounded rectangular shape. By calculating the reflected wave
from the combination of these polarizers, whether any po-
larization state is realized with the combination is evaluated.
Figure 2 shows the polarization state of the combination of
the optimally-designed λ/8- and λ/4-type polarizers, which
indicates that almost all of the polarization states are real-
ized. Since the polarization performance is nearly identical
with that of the rectangular-grooved polarizers, the polariza-
tion ellipticity β can be changed almost only by rotating λ/8-
type polarizer, while the polarization angle α can be changed
almost only by rotating the λ/4-type polarizer with β fixed,
which results in easy setting of a polarization state.

The calculated polarization state is compared precisely
with experiments in a low-power test with the newly-
developed fast polarization monitoring system. The ellip-
tically polarized wave received with a circular corrugated
horn antenna is divided into two orthogonal linearly polar-
ized waves by an orthomode transducer. Using harmonic het-
erodyne detection with a common local oscillator, the two IF
signals are directly acquired by a fast digitizer with a FPGA.
FFT into the signals enables us to calculate the polarization
state almost in real time. The test results show that the mea-
sured polarization characteristics are in good agreement with
the calculated ones within the margin of measurement errors.

The surface roughness of the grooves fabricated by ma-
chining is measured five times better than that by wire-electro
discharge machining. The smooth surface is considered to ex-
hibit low power loss. It is the future work to examine whether
this difference affects power loss on the polarizer surface.

1) Ii, T. et al.: Rev. Sci. Instrum. 86 (2015) 023502.

2) Maystre, D.: in Progress in Optics (North-Holland
Physics Publishing, Amsterdam, 1984) XXI I.
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Fig. 1: (a, b) A photo of the polarizer manufactured by ma-
chining in our machine shop and (c) the groove shape opti-
mally designed. The groove depths of the λ/8- and λ/4-type
polarizers for f = 82.7 GHz are designed 0.86 mm (∼ 0.24λ)
and 1.35 mm (∼ 0.37λ), respectively. The top edges are
rounded circularly by an inner radius cutter with a radius of
0.35 mm. The milling machine with a square-edge end mill
with a diameter of 0.8 mm runs back and forth to make the
groove width of 1.0 mm.
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Fig. 2: Polarization state (a) α and (b) β as a function of
polarizer rotation angles (Φλ/8,Φλ/4) for the combination of
the optimally-designed λ/8- and λ/4-type polarizers.
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Reliability of diagnostic components under a 
circumference in high electromagnetic fields is essential to 
control and monitor a target quantity. Electron cyclotron 
heating (ECH) increases the output power of ~ 1 MW for a 
gyrotron, and the protection of millimeter wave 
components from the severe conditions are desired. 
Therefore we have designed and fabricated a 77 GHz notch 
filter for a stray radiation from a gyrotron. On the other 
hand, diagnostic system in general increases channels to 
obtain the information on high spatial resolution. Millimeter 
wave components are also the same situation. Therefore 
highly dense circuits are developed for ECH and related 
diagnostics (collective Thomson scattering/electron 
cyclotron emission; CTS/ECE).  

We list up the major progresses in this fiscal year as 
(a) 154GHz receiver system has been developed for 

CTS/ECE.
(b) Integrated board for IC chip detector for 0.1-8 

GHz has been developed. 

For CTS/ECE measurement in the range from 151 to 
157 GHz, a mixer and a local oscillator in the CTS receiver 
for 77 GHz-CTS were replaced. The antenna and 
transmission line for ECH 2O-LL was used to measure the 
radiation from plasmas. Fig. 1 show the ECE signal of 
155.4-155.6 GHz channel for 151-157 GHz bandwidth. The 
signal level for 154 GHz band decreases 10 times lower 
than that for 77 GHz. The intermediate frequency (IF) 
down-converted from 154 GHz range is divided into two 
lines. Another line is connected to a fast digitizer which can 
obtain an ECE spectrum from 151 to 157 GHz numerically 
using a fast Fourier transform. We found that the ECE 
spectrum with a fine frequency resolution includes a noise 
from elsewhere compared with the radiometer signal shown 
in Fig. 1.  

IC chip detector has been developed to enhance the 
signal to noise ratio and the endurance from an intense 
spurious noise from gyrotrons at the CTS receiver. The IC 
chip detector is integrated into the printed board as is shown 
in Fig. 2, and can detect a RF signal at the level of more 
than – 60 dBm. The time resolution of the output signal 
achieves ~ 400 ns, which can capture an MHD activity in 
LHD plasmas. The IC chip detector can be directly 
connected into the data acquisition card without any 

additional amplifier. It enable to adjust the offset level to 
match the ADC board. The CTS receiver uses the filter 
bank system, which resolves the CTS signal into 40 
channels to construct the frequency spectrum. It is attractive 
that the new detectors can reduce the interference between 
channels, because those detectors have the independent 
signal lines.  

These new systems will be installed into the CTS 
receiver for forthcoming campaign. 

Fig. 1 ECE signal for 155.5±0.1 GHz measured by the CTS 
radiometer for 151-157 GHz with 154 GHz notch filter.   

Fig. 2 Integrated board for IC chip detectors for 0.1-8 
GHz. The 8 channels for input/output are equipped.      
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