
Plasma and beam homogeneity of the RF-driven negative hydrogen ion 
source for ITER NBI 

 
U. Fantz, P. Franzen, W. Kraus, D. Wünderlich, M. Berger, and the IPP NNBI Team 

 
Max-Planck-Institut für Plasmaphysik, EURATOM Association, 85748 Garching, Germany 

 
The international fusion experiment ITER requires for its heating and current drive neutral 
beam injection (NBI) systems based on negative hydrogen ion sources. One of the 
requirements is that plasma uniformity and thus the beam homogeneity has to be better than 
10% for the source dimension of 1.9×0.9 m2 with an extraction area of 0.2 m2. In the ITER 
design review in 2007, the inductively RF-driven negative ion source developed at IPP was 
chosen as the ITER reference source. Although the IPP RF source has made substantial 
progress towards ITER’s requirements there are still open issues to be addressed [1].  
The issue of plasma uniformity and the correlation with the beam homogeneity is being 
investigated at the long pulse test facility MANITU with a source of roughly 1/8 of the ITER 
source size and an extraction area of 200 cm2. The plasma homogeneity close to the 
extraction region is measured by optical emission spectroscopy using several lines-of-sight 
parallel to the grid. This technique allows for determination of plasma parameters, such as 
electron density and negative ion density. MANITU is equipped with a spatially resolved 
beam emission spectroscopy system for measurements of the beam homogeneity. The 
temporal and spatial homogeneity of the ion beam can be determined by comparing the half 
width of the Doppler shifted Hα line being proportional to the local divergence and hence the 
local negative ion density in the source. The measurements showed that the beam 
homogeneity is better than 5-10% (RMS) and improves with lower source pressure and 
increased RF power. As expected, the beam homogeneity correlates with the negative ion 
density distribution, rather than electron distribution. Furthermore the correlation depends on 
the distance of the density distribution from the plasma grid.  
The test facility RADI is equipped with a source roughly 1/2 the size of the ITER source but 
no extraction system. The plasma uniformity is measured in front of the dummy grid by 
optical emission spectroscopy using several line-of-sights and Langmuir probes. Without 
magnetic filter field, the plasma overlap is sufficient for a homogeneous illumination of the 
plasma grid. The far reaching magnetic filter field, as it is foreseen for the ITER source, 
reduces the plasma expansion in vertical direction, which can be compensated for by varying 
the RF power levels. Additional diagnostics have been commissioned recently: an array of 
pin probes (floating probes or in ion saturation current) installed in the plasma grid and a 
Faraday cup for local extraction [2]. 
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