
  
  

Microwave Imaging Reflectometry (MIR) has been 
intensively developed in Large Helical Device (LHD).  
The X-mode MIR system had been working so far1).  
Figure 1 shows typical example of ne profile in the ion ITB 
plasma in LHD, and the cutoff densities of the 63 GHz X-
mode wave and the 26 – 35 GHz O-mode wave.  Usually 
the ne profile is hollow, and the X-mode reflectometry is 
useful to observe the plasma center.  However, observable 
plasma is very limited because the frequency of the X-mode 
depends on the magnetic field.  The cut off density of X-
MIR is too low to observe the ion ITB.  In the case of ion 
ITB plasma, the ne profile is peaked and the O-mode MIR 
(O-MIR) is useful to observe the ITB region, which is 
usually observed near R=4.2 m as shown in Fig. 1. 

An O-MIR system has been newly developed in order 
to observe the ion ITB plasma.  In O-MIR, four 
frequencies of 26 and 35 GHz are simultaneously 
illuminated the LHD plasma.  So, the observable density is 
0.84 – 1.5 × 1019 m-3.  The frequency generator and the 
imaging detector named Horn-antenna Mixer Array (HMA) 
are newly developed. Schematic diagram of the four 
frequency generator is shown in Fig. 2.  A wave 
synthesizer, which is controlled by a computer with a 
LabVIEW program, generates the base wave.  Four voltage 
controlled oscillators generates different frequencies.  They 
are mixed with the base wave and these frequencies are 
multiplied by four. 

The plasma image of the scattered wave is detected by 
the Ka-band HMA, which is developed based on the new 
concept2). The block diagram of the new HMA is shown in 
Fig. 3.  In HMA, each printed circuit board (PCB) is 
installed between aluminum frames, each of which have half 
cut horn antenna array. The signal wave entering into the 
horn antenna is transduced from the waveguide to the 
micro-strip line by the fine-line transducer, of which 
efficiency is as high as -1.5 dB2).  The signal wave is 
amplified by 12 dB before mixing in order to compensate 
the conversion loss (12dB) of the double balanced mixer 
(DBM).  The half frequency ( 0) of LO ( LO) wave is 
delivered by coaxial cables.  The half frequency is divided 
by Wilkinson power divider on PCB and is doubled by 
active doublers just before entering into DBM. 

The new HMA includes many technologies which 
improve the sensitivity, such as fin-line transducer, RF 
amplifier, DBM and adjustment of LO power.  The optical 
imaging system of O-MIR is much simpler than that of X-
MIR.  Observed noise of O-MIR is 4 mV, while the noise 
of X-MIR is 800 mV.  The sensitivity of O-MIR is 

improved.  The O-MIR shall be useful to investigate micro 
instabilities in confined plasmas. 

 
1) Nagayama, Y. et al: Rev. Sci. Instrum. 83, 10E305 

(2012). 
2) Kuwahara, D. et al: Rev. Sci. Instrum. 85, 11D805 

(2014). 
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Fig. 1 Typical example of ne profile in the ion ITB 

plasma and cutoff densities of O-mode wave. 
 

 
Fig. 2 Four frequency generator and separators. 

 

 
Fig.3 Block diagram of Ka-band HMA element. 

Radial profiles of density ratio of helium to hy-
drogen ions are measured using charge exchange spec-
troscopy technique with two-wavelength spectrometer in
the wide range of the density ratio of 0.05 - 5 in the Large
Helical Device.

Figure 1 shows the experimental setup for he-
lium/hydrogen density ratio measurement with charge
exchange spectroscopy using two-wavelength spectrome-
ter. The light from the plasma is led to the entrance of
the dichroic mirror box and the light with longer wave-
length (λ > 495 nm) is transmitted through the dichroic
mirror, while the light with shorter wavelength (λ < 495
nm) is reflected. By using this dichroic mirror box, the
light of one fiber from the plasma is separated into the
two fibers for helium and hydrogen line measurements
and is led to two-wavelength spectrometer in order to
measure the density ratio of helium to hydrogen. The
dichroic mirror box consists of dichroic mirror, two edge
filters, three camera lenses, and three fiber holders. The
two-wavelength spectrometer (Bunkou-Keiki CLP-400)
consists of two f=400mm F=2.8 camera lenses and two
gratings (1800/nm for helium and 1200/nm for hydrogen
line) and CCD detector.

The 8 channels of the optical fiber array from the
plasma are connected to this system and 16 spectrum
on the CCD detector gives a radial profile of the helium
and hydrogen density ratio at 8 locations. The diameter
of the core is 200 µm and the diameter of the cladding
is 250 µm. The interference between HeII and Hα spec-
trum in the CCD is eliminated by the dichroic mirror
box arranged in front of the two-wavelength spectrome-
ter. The back illuminated electron multiplying 640x512
pixel (12x12 µm) CCD camera (PixelVision PV652) is
used as a detector to achieve a high frame rate, fccd, up
to 200Hz with 21 pixel vertical binning. The amount
of the light is adjusted in the wide range of two orders
of magnitude by selecting the appropriate electron multi-
plying (EM) gain of the CCD detector and the F number
of iris (from F = 1.4 to F = 16) in the camera lens, be-
cause the intensity of HeII line should be comparable to
that of Hα at the detector in order to avoid the satura-
tion of the signal on CCD.

Figure 2 shows the transmission of this system us-
ing dichroic mirror and red/blue edge filter in the two-
wavelength spectrometer system. The edge wavelength
of the dichroic mirror used in this system is 495nm, where
the light with longer wavelength is transmitted and the
light with shorter wavelength is reflected. As seen in
Figure 2, there is 6 % transmission in the wavelength

region of λ = 510 -520 nm. This is due to the leaked
reflection (reflection of the light above the edge wave-
length) from the dichroic mirror. In order to eliminate
the interference between the lights from 1200/mm and
1800/nm grating, the additional edge filters of red and
blue side are installed in the exit of dichroic mirror box.
This is important to avoid the overlap of the HeII line
(λ = 468.6nm) and Hα line (λ = 656.3nm). The edge
wavelength of the longer wavelength cut-off (blue filter)
and shorter wavelength cut-off (red filter) is 534 nm and
554 nm, respectively.
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Fig. 1: Two-wavelength spectrometer for he-
lium/hydrogen density ratio measurement with charge
exchange spectroscopy.
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Fig. 2: Transmission of HeII channel and Hα channel
through the dichroic mirror plus red and blue filter in
the two-wavelength spectrometer system.
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