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Surface mechanisms investigation for negative ion production.
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In parallel to the ITER tokamak construction is raising the question of the next step toward a real Fusion power
plant (called DEMO reactor), which should be a full ignition and high power fusion machine. It is highly
desirable for new reactor to find alternatives to the use of caesium (Cs) due to several important drawbacks like a
very high Cs consumption rate for long shot duration (or steady state) operation, the diffusion of this material
which yields to a stray Cs coating on the injector components (accelerating electrodes, metal shields, insulators)
and a decrease of the high voltage holding capability. For this purpose, an alternative surface mechanism that
could enhance the H- formation under a hydrogen atoms flux has been investigated by using different materials.

Seven dipolar sources [1] have been settled just above a Pyrex cylinder ( 200 mm, 200 mm in
height). The Pyrex cylinder is settled in the center of the Camembert III reactor [2] that provides the
pumping unit and gas intake regulation. Its temperature is not regulated. Hydrogen atoms that have
been produced in the Electronic Cyclotronic Resonance (ECR) volumes of each source partly diffuse
in the Pyrex cylinder that limits their diffusion to the reactor’s walls. This arrangement is presented in
Fig. 1a). The aim of this cylinder is the creation of a smaller volume than the Camembert III one’s to
promote surface reactions with samples of limited size ( 50 mm) presented in Fig. 1b).
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Fig. 1 a) Picture of seven plasma sources in functioning above the Pyrex cylinder; b) Sample holder holding a
Pyrex disk of 48 mm in diameter. The sample can be heated up to 750 °C, cooled down to -180 °C and biased to
+/- 500 V.

With this arrangement, the sample is settled at the inner wall of the Pyrex cylinder and samples are
changed via a lock chamber. Hence, vacuum remains undisturbed in the plasma chamber. The
reference sample is a disk of Pyrex. If this material is set on the sample holder, plasma produced by
the seven sources faces only Pyrex surfaces. We have investigated material effect in the following
order: Pyrex  graphite (HOPG)  tantalum  Pyrex at the same micro-wave power input (1000 W)
and the same pressure (5 mtorr). Photodetachment signal (cf. Fig. 2a) has been amplified with a wide
band pulse amplifier (Lecroy VV100 BTB) for better accuracy. Fig. 2b represents obtained results for
I/IDC, which is proportional to ni-/ne. I is the peak amplitude as represented in Fig. 2a and IDC is the
electron current collected by the probe biased to 25 V above the plasma potential. We can stress the
good reproducibility of these results: results obtained with Pyrex are extremely similar over 2 days and
2 samples change. Errors bars are obtained over 5 five measurements for each temperature setting.
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Fig. 2 a) Photodetachment signal obtained at three different pressures (1, 2 and 3 mtorr). I is measured
between the baseline and the plateau observed just after the signal overshoot; b) Variations of the I/IDC ratio
with respect to the temperature of the considered sample (Pyrex, Ta or HOPG).

No significant increase of the ratio I/IDC with respect to temperature or bias have been obtained for
HOPG or Ta samples. HOPG is said to be potentially the best candidate to produce excited molecules
H2(X1Σg+,v’’) via recombinative desorption mechanisms [3]. However, sticking (of H atoms on the
surface) and impinging with low energy atoms (0.5 eV) coming from the plasma have to be achieved
prior to the recombinative process. In a second step, excited molecules have to be converted into
negative ions via dissociative attachment (D-A) with cold electrons. At different potentials (-70 V to
+10 V) no significant modification of the ratio I/IDC occurs as mentioned by Schiesko et al. [4].
Tantalum sample does not produce a variation of this ratio as indicated by Bacal et al. [5] for Ta
evaporation inside Camembert III reactor when operated with filaments. Behaviour of Pyrex sample is
much more interesting. For this sample, even for the small surface considered (0.007 m² with respect
to 0.16 m² for the whole Pyrex surface facing plasma) we have recorded an increase of 45 % (between
0.22 and 0.32) when its temperature increases from -10 °C up to + 120 °C. Results presented in Fig. 2b
could be interpreted by a variation of the recombination coefficient of H atoms (H) on Pyrex surface
that is totally different for metals. For Pyrex and quartz, results obtained by Wood et al. [6] indicate a
huge variation of the H coefficient with respect to the surface temperature. H decreases to a factor 5 
103 if temperature decreases from 500 K to 125 K and increases to a factor 100 if temperature still
decreases. On the contrary, recombination coefficient H is not modified with respect to the
temperature within a range of 700 ° (300 K – 1000 K) for metals except for Au and Pt [6]. In our
experimental conditions, even though the production of negative ions requires a two step mechanism
(production of H2(X1Σg+,v’’) molecules followed by D-A reaction), the production of excited
molecules of high quantum number as stressed by Amorim et al. [7] is large enough to increase the
negative ion density of the plasma contained inside the Pyrex cylinder.
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