
  
  

Parametric decay instability is a typical three wave 
coupling process, where two new daughter waves and/or 
modes are generated from one strong pump wave. Since the 
three wave coupling process is a basic process in non-linear 
phenomena, precise and detailed study of such process is 
quite important to explore much more complicated 
turbulent phenomena. In order to perform such a basic 
study, it is preferable to control the experimental condition. 
We propose the two frequency RF wave excitation 
experiment, where two of the three waves can be controlled. 

In the TST-2 spherical tokamak device, high harmonic 
fast wave (HHFW) with a frequency of 21 MHz was 
injected to Ohmic plasmas, and the spectra peculiar to 
parametric decay instabilities were observed. The 
experimental results were interpreted as that the pump 
wave (HHFW) decays into two daughter waves: one is ion 
cyclotron quasi mode and the other is ion Bernstine wave 
or fast wave. Moreover, a clear impurity ion heating was 
observed. The three wave coupling was believed to occur at 
the harmonic resonance of the ion cyclotron frequency. 
However, precise analysis of electrostatic probe data 
revealed that the coupling also occurs where two 
propagating wave exists. This is different from the standard 
parametric decay process, and the result suggests that we 
can generate the third wave in the three wave coupling by 
adjusting the two waves, and we can perform a controlled 
basic study of non-linear phenomena. 

Presently, the TST-2 device is equipped with a 200 
MHz high power RF source and a combline antenna, by 
which travelling waves in the lower hybrid wave frequency 
range can be excited. In order to inject two frequency 
waves we modified the signal generation part (Fig. 1). The 
outputs from two signal generators are combined and fed 
into a wide-band amplifier followed by three stage power 
amplifier. The power amplifier consists of 3 units, and two 
units were tuned to 199.6 MHz (f) and the other was tuned 
to 200.1 MHz (f+∆f). Figure 2 shows the power spectra of 

RF wave with (black) and without (red) plasma, and 
broadening of the spectra due to the plasma can be seen.  

The RF wave was injected to an ECH initiated 
discharge, where the plasma current was generated by the 
RF power, and an ST configuration was formed and 
sustained by the RF power alone (Fig. 3). If a non-linear 
process occurs, the component with the frequency ∆f can be 
seen in some signals. We have observed such components 
in the line integrated density (Fig. 3 (c)), in the floating 
potential measured by an electrostatic probe and in the 
magnetic pick-up coil signals. The magnetic pick-up coil 
signals, however, were affected by the noise, which seems 
to be generated by a non-linear process in the RF power 
amplifiers. Although ∆f component were not emitted 
through the antenna, it is preferable to remove such non-
linear process in the power amplifier. For this purpose, we 
are preparing for splitting the RF system into two 
independent groups for each frequency. Although we 
expected impurity ion heating by adjusting ∆f to be the ion 
cyclotron frequency, we did not observe a clear ion heating 
so far. 

Fig. 1 Two frequency RF injection scheme and several 
diagnostics. 

 
Fig.2 Power spectra of RF wave measured at the 
injection port of the combline antenna. Black curve 
represents that with plasma and red curve represents 
that without plasma. 

0

1

2

3

4

I p [k
A

]

(a)#68979

R
F 

Po
w

er
 [a

.u
.]

(b)

0

200 MHz
ECH

0.0

0.1

0.2

n el ,
 1

00
 x

 n
el 

[1
018

m
-2

] (c)~

100 x n
e
l~

20 40 60 80 100
0

10

20

T
C

II
I [e

V
]

Time [ms]

(d)

 
Fig. 3 Time evolution of plasma current (a), RF injection 
power (b), line integrated density and rms fluctuation 
amplitude (c) and impurity (CIII) temperature (d). 

 
 

When the D-D fusion experiments by the Large Helical 
Device (LHD) are conducted, a given amount of tritium will 
be produced in the device, although tritium amount depends 
on the conditions of plasma confinement. A part of the tri-
tium is impinged and trapped in the plasma-facing materials. 
From viewpoints of reduction of exposure dose by tritium 
species, it is of a great importance to evaluate dynamic be-
havior of trapping and release of tritium in/from stainless 
steel (SS316L) being used as the protection plates of LHD. 

The small samples cut from the SS316L protection plate 
were exposed to the glow discharge of hydrogen isotopes at 
ambient temperature. After glow discharge under the given 
conditions, the sample was heated in the vacuum vessel. 
Desorption species and partial pressure of them were moni-
tored by a conventional mass spectrometer. In this experi-
ment, precise temperature measurement is one of key issues 
for evaluating release behavior of hydrogen isotopes by li-
near heating. From this viewpoint, a temperature control 
device which consists of a movable thermocouple has been 
newly attached as shown in Fig. 1. 

A typical desorption spectrum is shown in Fig. 2, which 
was observed by heating at 15 K/min after exposure to deu-
terium glow discharge for 60 min. A trace amount of m/e=3 
(HD) was detected with a major amount of m/e=4 (D2). No 
other species such as HDO, D2O and CnHxDy were observed.  
In this run, peak temperature appeared at 123oC, which is 
consistent with the desorption temperature reported by Wil-

son et al. In addition, peak temperature shifted to the lower 
temperature side with increasing in discharge time, and to 
the higher temperature side with increasing a heating rate. 
Shape of the desorption peak observed was asymmetric and 
extended to the higher temperature side. These tendencies 
indicate that the desorption rate of hydrogen isotope im-
pinged into the sample is limited by the diffusion rate. 
   After glow discharge of deuterium, the sample was ex-
posed to the ambient atmosphere for 3 hours. After that, it 
was evacuated again below 3x10-5 Pa at room temperature. 
Subsequently, the sample was heated up to 473 K. During 
heating, desorption species was followed by mass spectro-
meter, and the results are shown in Fig. 3. In this run, spe-
cies such as HD and D2 were below the detection limit of 
the present mass spectrometer and a major desorption spe-
cies was D2O as seen from Fig. 3. This indicates that deute-
rium atoms implanted into bulk by a glow discharge react 
with oxygen adsorbed on the surface and formed D2O. 
Namely, it was seen that a drastic change in desorption be-
havior was occurred by air exposure. 
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Fig. 1 View of a new temperature measurement device.
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Fig. 2 An example of desorption spectra of deuterium. 

Fig. 3 Change in the peak intensities of each spe-
cies during heating.
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