
Objective of development of full digital process-
ing phase detector for interferometer The inter-
ferometer for plasma line averaged density measurement
is a basic diagnostic for the fusion plasma research. To
solve the fringe jump problem is important for the in-
terferometer, because the fault of the phase comparator
is occurred in rapid density increase, for example, by
the pellet injection. The objective of the development
of new full digital processing phase detector is to solve
the fringe jump problem by the new digital processing
method. The new phase detector has the ability to mea-
sure the ultra-rapid phase change or the very small phase
signal, which can not be measured by the previous one.
The speed of the data conversion of the new phase de-
tector is considerably faster than that of the previous
one, and it also apply the density feedback control of the
magnetic confined fusion plasma. The new phase detec-
tor can contribute to the fast density measurement of the
LHD and Heliotron J experiments, and also to solve the
physics of the fast plasma phenomena.

Design of full digital processing phase detector
The previous analog phase detector converts the IF sig-
nal of the interferometer to the analog phase signal by a
specific analog operational circuit. In contrast, the new
full digital processing phase detector directly convert the
IF signal to the digital signal by the fast A/D convertor,
and the phase digital signal is calculated by a specific
logical operational circuit. The previous analog phase
detector utilizes the zero-cross timing signal to derive
the phase difference signal. On the other hand, the full
digital processing phase detector utilizes the I/Q conver-
tor, and the phase difference signal is directly calculated
form the IF signal itself. The fringe jump problem of the
rapid density increase can be soluble in principle by uti-
lizing the very fast pipe line A/D convertor of 500MHz.

Development of full digital processing phase
detector The full digital processing phase detector
is based on the fast 500MHz A/D convertor which
is developed for the Nd YAG Thomson scattering
measurement1). The logical operational circuit of the
phase calculation is embedded in the control FPGA of
the A/D convertor. In this fiscal year, we concentrate
the development of a 500 MHz, 12 bits A/D convertor
board, which consists of the A/D convertor, the control
FPGA, SiTCP2) of the data transfer. The design and

Fig. 1: Prototype of full digital processing phase detec-
tor board

the initial development of the first prototype of the A/D
convertor board have been completed. Figure 1 shows
the picture of the prototype A/D convertor board. The
layout of the components on the substrate was carefully
designed. The equal-length wiring reduces the delay-
time between individual data transfer lines. The speed
of the data processing is improved by the reduction of
the parasitic capacitance of the wiring. The board has
two A/D convertor channels, then the reference signal
and the probe signal of the interferometer can be simul-
taneously processed. The board is controlled by the one
FPGA chip ( Spartan6 of Xilinx co. ) which is mounted
on the board center. The phase calculator will be em-
bedded in the FPGA chip. Because the SiTCP circuit2)

is also mounted on the board, the data acquisition, the
data processing and the data transfer can be simulta-
neously realized by only one small board. The future
plan of the development is to check the basic operation
of the board and to confirm the basic performance of
the A/D conversion. We will concentrate to find bugs
of the operation, and we will develop a next upgrade of
the prototype board. The logical operational circuit of
the phase calculation will be implemented in the FPGA
chip. The initial test of the full digital processing phase
detector will be carried out using the FIR interferometer
of the Heliotron J.
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A spontaneous transition to the quasi-single helisity
configuration is observed in the low aspect ratio reversed
field pinch device RELAX1, 2). Studies of its formation
mechanism and confinement properties will provide im-
portant knowledge which is common among magnetically
confined torus plasmas including helical system. Since
the behavior of the electron density is necessary espe-
cially in the high density range (2-3 × 1019 m−3), a
millimeter-wave interferometer which uses a Gunn os-
cillator with a frequency of 140 GHz is developing.

We had already developed and installed a 60 GHz
interferometer with a cross-detector via this research
collaboration3). The main target of the interferometer
is low density plasmas, less than 1019 m−3. For mea-
surement of higher density plasmas, higher frequency is
preferable to suppress the beam deviation in a plasma.
Hence we start to develop the 140 GHz interferome-
ter. Figure 1 shows a schematic view of the 140 GHz
millimeter-wave interferometer on RELAX. As a first
step, we installed a 140 GHz heterodyne interferometer
with a frequency-swept Gunn oscillator. One of advan-
tages of the method is that only one Gunn oscillator is
necessary and the interferometer system becomes simple.
However, the amplitude of the intermediate frequency
(IF) signal was strongly modulated when the frequency
was swept. Hence the phase evaluation with a phase
counter was so perturbed. Then, we added another Gunn
oscillator with a frequency difference of 1 GHz as shown
in fig. 2. In addition to that, we optimized some ampli-
fier components to avoid fringe jump in low density dis-
charge. As a result of optimization of each components,
we have succeed to reduce noise level with of 10 dB, and
to gain signal intensity with of 14 dB. The improvement
of signals-noise ratio permits the stable measurement of
a time evolution of line averaged electron density ne.
The improved interferometer system have been adopted
to RELAX. Figure 3 shows a sample of Lissajous figure
and time evolution of and ne measured using the devel-
oped interferometer in RELAX plasma. It is confirmed
that the obtained signal corresponds with using the 104
GHz heterodyne.

1) S. Masamune et al., 24th IAEA Fusion Energy Conf.,
(2012) EX/P4-24.

2) S. Masamune et al., 25th IAEA Fusion Energy Conf.,
(2014) EX/P3-52.

3) M. Sugihara et al., Plasma Fusion Res., 5, (2010)
S2061.

Fig. 1: A schematic view of a waveguide system of a
140 GHz heterodyne interferometer on RELAX.

Fig. 2: A schematic view of a 140 GHz heterodyne
interferometer with Gunn oscillators with a frequency of
140 and 139 GHz.

Fig. 3: Lissajous figure and time evolution of electron
density obtained from RELAX discharge.
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