
Fig. 2 Normalized H- density profile in the extraction region 
calculated by (a) 2D3VPIC model, and (b) 3D3VPIC model.

Fig.3 Emittance diagram of extracted H- beam at x=xmax.

In N-NBI (Negative-ion-based Neutral Beam Injector) 
system for large fusion devices such as LHD, the 
optimization of 1) negative ion (H- /D-) production, 2) H-

/D- extraction from the source, and 3) H-/D- beam 
acceleration towards the target are the key R&D items to 
obtain intense high power N-NBI beam for plasma heating. 
   For the optimization of the H-/D- extraction from the 
extraction hole, it is indispensable to understand the 
formation mechanism of the ion emissive surface (so-called 
plasma meniscus) and its location/shape around the 
extraction hole. Recently, in the NIFS-R&D ion source 
which is scaled down with a half size of the LHD ones, the 
following interesting experimental observation has been 
reported under the “surface” H- production case with the 
Cs-seeding1) : Plasma layer consisting of H+ and H- ions 
(i.e., electrons are excluded from the layer) is formed in the 
vicinity of the plasma grid (PG). Such plasma with positive 
and negative hydrogen ions is called “double-ion plasma”, 
and it could have strong influences on the formation 
mechanism of plasma meniscus. 
   In the previous study, we developed the 2D3V PIC 
(Two Dimensional in real space and Three Dimensional in 
velocity space Particle-in Cell) model2, 3) to analyze the 
electrostatic potential structure in the extraction region 
self-consistently with the charged particle dynamics. In this 
study, we start improving the model from the 2D to the 3D 
model in order to check the 2D results with those by the 3D 
model.4) As a first step, a relatively simple geometry with 
only one extraction aperture in Fig.1 has been used .

In Fig.2, the plasma meniscus shapes (green line) have 
been compared between the 2D and 3D result under the 
strong surface H- production on the PG. In both cases, the 
plasma meniscus has a curvature near the PG. It is verified 
by the 3D model as well as the previous 2D model that the 
beam-halo component is produced by this curvature and the 
resultant over-focusing of the extraction beam. However, 
the fraction of the beam halo to the total beam current is 
small in the 3D result (~2% in Fig.3) compared with the 2D 
result, because the curvature near the PG in the 3D case is 
smaller than in the 2D case in Fig.2. Quantitatively more 
reasonable agreement with the experiments has been 
obtained by the 3D model.  

For further understanding of the formation mechanism 
and control of the plasma meniscus, more detailed 3D 
modeling and comparison with the experimental results are 
now underway. 
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Fig. 1 3D3V PIC model for the extraction region in the H- ion 
source: (a) Model geometry, and (b) Boundary conditions 
used in the simulation. 
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Neutral beam injection (NBI) system is one of the 
powerful and fruitful heating tools in fusion researches. 
A high power hydrogen negative-ion (H-) source has 
been successfully developed for a beam source and 
operated as a major heating device in LHD. It is also 
required for ITER and DEMO-NBI that the ion source 
should deliver long pulse H- or D- ion beam. For such a 
long life operation, it is required to develop radio 
frequency (RF)-driven ion sources. Our purpose of this 
research is to develop a RF-driven H- ion source by 
using field effect transistors (FET) as switching devices 
in a RF power source and to operate it for long time 
duration.

RF driven H- ion source using FET has been 
developed for a NBI source through collaboration with 
researchers of Plasma Heating Physics Research division 
in NIFS. Our ion source consisted of a “driver region”
and “expansion region”. A driver region consisting of a
70 mm inner diameter and 175 mm long ceramic tube 
wound by a ten-turn RF loop antenna was contiguously 
attached to a 165-mm-diameter stainless steel expansion 
chamber (expansion region).  When an axial magnetic 
field was applied to the driver region by magnetic coil 
mounted around RF antenna, an electron density over 
1019 m-3 is produced in hydrogen plasma with a 
frequency of below 0.5 MHz. In addition, H- beam was 
successfully extracted for more than 100 seconds from 
the ion source with cesium evaporation and the 
characteristics of beam extraction from the source were
investigated with optical emissions of cesium and 
hydrogen atoms and grid temperature during long 
operation periods [1,2]. However, a further long-time 
operation was difficult in this ion source because it was 
too small to insert a Faraday shield into the driver region.

Then we have developed a large-scaled ion source 
consisting of a 230 mm inner diameter ceramic tube as a 
driver region and the plasma characteristics in the source 
were investigated.

Figure 1 shows the schematic of the newly-developed
RF ion source. The driver region consists of Alumina 
ceramic tube with 230 mm in inner diameter and 300 
mm in length, which are wound by a RF loop antenna. 
Figure 2 shows the plasma density measured at the driver 
region in the source as a function of RF input power. An 
electron density over 1019 m-3 is obtained in hydrogen 

plasma. Figure 3 shows the dependence of produced 
electron density on the operation pressure. As shown in 
Figs. 2 and 3, no strong dependence on the number of 
turns in the RF antenna was observed. High density 
hydrogen plasma more than 1018 m-3was obtained at p = 
0.3 Pa. The next plan is to perform the experiments for 
long-time operation and beam extraction with this 
large-size ion source.
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Fig. 1. Schematic of the large-sized RF ion source
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Fig. 2. Plasma density measured at a driver region as a 
function of RF input power.
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Fig. 3. Plasma density measured at a driver region as a 
function of pressure.
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