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High power RF sources which generate an extracted negative ion current of 40 A (D-) at a 
source pressure of 0.3 Pa are the basis for the powerful neutral beam injection system for ITER 
[1]. In order to fulfil the ITER requirements an extensive development program is carried out at 
IPP at three test facilities in parallel. The test facility BATMAN (BAvarian Test MAchine for 
Negative ions) is dedicated to demonstrate the physical parameters: an extracted current density of 
negative ions of 20 mA/cm2 in deuterium at 0.3 Pa. In order to keep the co-extracted electron 
current density in a tolerable amount, the current ratio of electron to ions must be below one. Since 
these parameters can not be achieved with a source based on the production of negative ions by 
the volume process (dissociative attachment), the surface process, i.e. the interaction of atoms or 
ions with materials of low work function, is used instead [2]. For this purpose cesium is 
evaporated into the source. 

In order to optimize the source parameters, a detailed understanding of the underlying 
processes in such a cesiated hydrogen plasma is essential. Hence, suitable measurement 
techniques for both the absolute density and spatial distribution of negative ions inside the source 
which provide correlations with the extracted current densities are mandatory. 

Because the common measurement techniques have their specific advantages and 
disadvantages different experimental setups have been applied, namely cavity ringdown 
spectroscopy (CRDS) [3,4], laser photodetachment (LD) [5] and optical emission spectroscopy 
(OES) [6]. The plasma diagnostics at the high-power RF-driven sources (typically 100 kW 
generator power at a frequency of 1 MHz) have to deal with difficult environmental conditions 
such as excessive RF-interference and the high 
voltages (up to 20 kV) which are needed for the 
extraction of the ion beam. Hence, the actual 
setups have to be optimized very carefully for 
operation under these conditions.  

The CRDS method is a purely optical 
approach which utilizes the decay of laser light 
trapped in an optical cavity to measure the 
density of negative ions. This technique is 
insensitive to RF-interference and yields very 
reliably the absolute line-of-sight integrated 
density. However, it requires proper and stable 
alignment. The line-of-sight has been arranged 
to be parallel to the extraction grid system at an 
axial distance of 3 cm. Figure 1 shows the 
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Fig. 1  CRDS: Correlation of the H- volume 
density with the extracted ion current 
density (H2 plasma, 60-110 kW). 
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measured volume densities at different 
source pressures for a variation of the RF 
power. The results are in clear correlation 
with the extracted ion current densities. 
Depending on input power and cesium 
conditioning of the source, i.e. optimisation 
of the negative ion production, the volume 
densities range typically between 1016 – 
1017 m-3 at 0.3 Pa.  Thus, exceptionally high 
negative ion densities are achieved.  

LD measurements employ a 
Langmuir probe inside the plasma volume. 
When the plasma volume around the probe 
tip is hit by a laser pulse electrons are 
detached from negative ions. This change 
in composition of the charge carriers leads 
to a short increase of the current onto the 
probe tip, which is a measure for the local 
density ratio of negative ions to electrons. 
The advantage of LD is the measurement of 
the relative spatial distribution of negative 

ions, if the electron profile is known, but is subject to electromagnetic interference. In addition, 
temporal resolution is limited due to the need of signal averaging (8 pulses with 10 Hz repetition 
rate) and read-out time. Figure 2 shows the measured density ratio profile across the grid at an 
axial distance of 3 cm from the grid system. The probe has been moved about 10 cm with a spatial 
resolution of 5 mm. In order to emphasize the shape of the profile the data points have been 
mirrored at the centre (open symbols). Since conventional Langmuir probe measurements provide 
the electron density profile, the absolute negative ion density profile has been deduced from the 
LD (figure 2). Typically density ratios of 0.2 – 1.5 are obtained in these plasmas demonstrating 
that negative ions can not be treated as a minority in the plasma any longer. 

From the experimental side of view the OES offers the most stable and simple setup. It 
measures the negative ion density by analyzing the radiation of the Balmer-series, which is 
modified by mutual neutralization of positive and negative hydrogen ions. Although the 
evaluation of this data is complicated and yields only a rough estimate of the density, this method 
is ideal for monitoring purposes, e.g. during cesium conditioning or during long discharges [6]. 

The methods described above complement each other in their abilities and have been 
successfully employed to the high power RF driven source at the test facility BATMAN. The 
methods will be introduced; results will be presented; advantages and disadvantages of the 
different methods will be discussed based on a comparison of the methods.  
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Fig. 2  Laser detachment: spatial profiles of the 
density ratio H-/electrons and the individual 
densities (H2 plasma, 80 kW, 0.4 Pa). 
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