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Experimental study of enhancement techniques used in the

volume-production-type negative hydrogen ion source

Neutral beam injection (NBI) using negative deuterium ( D- ) ion sources
is essential as a useful heating method for realizing a thermonuclear fusion
reactor. Large current negative hydrogen /deuterium ion ( H- / D- ) sources of the
volume production method have been successfully developed for NBI in the
thermonuclear fusion research. The enhancement of H- beam current is achieved
by using several empirical techniques; equipment of magnetic filter field in front of
the plasma grid, injection of cesium vapor into the arc chamber, addition of bias
voltage to the plasma grid against the arc chamber, and so on. However, the
physical process in the ion source has not been examined in detail, so that we don't
have a clear image on the H-production in a plasma, and the extraction of negative
ions from it.

In order to develop a more efficient ion source, and to extract beams with
higher current density, it is important to know what changes the plasma is
undergoing in the ion source by applying these empirical techniques, especially in
the present "large current" negative ion source.

In this work, the characteristics of H- and electrons in the extraction
region of the plasma source is studied and compared with extracted H- and
electron beam comprehensively. For this purpose, the NIFS-1/6-scale negative ion
source, which had been used for R&D work, was modified to use an external
magnetic filter and to have a pair of windows for the observation of the extraction
region 15 mm apart from the plasma grid. From these windows, a high power
laser beam is introduced, and H- density is measured by the Ilaser
photodetachment method. Electron density and temperature are also measured
by the same Langmuir probe. The extracted H- beam is measured by a Faraday
cup array installed 20 cm downstream from the extraction system. The extracted
electron current is obtained from the drain current of the extraction power supply.

The effects of three empirical techniques are examined; (1) magnetic filter
strength on the extraction region, (2) cesium vapor injection into the arc chamber,
(3) addition of bias voltage to the plasma grid against the arc chamber.

(1) Tt is generally reported that the magnetic filter strength is enough if the
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electron temperature is suppressed less than 1 eV in the extraction region to avoid
the destruction of H- by the collision with the high energy electrons. But it is not
the case of our study. Even if the electron temperature is below 1 eV, there still
remains a high energy component in the energy distribution of electrons. In this
case, the extracted H- current as well as H- density in the extraction region is
small at the high arc power discharge. With the stronger filter field, a high
energy component of electrons is decreased, and then destruction of H- ions at a
high arc power is sufficiently suppressed. Hence, in the design of a high arc power
H-ion source, it is important to decide the magnetic filter field so as to suppress
the high energy electrons sufficiently.

(2) Under the pure volume discharge, it is observed that both extracted H- and
electron currents are proportional to the H- and electron densities in the extraction
region. After the cesium injection, extracted H- current increases about twice
while the electron current reduces an order of magnitude, which are the common
effects observed in other ion sources as well. In the extraction region plasma,
however, H- density increases by 5 ~10 times while the electron density reduces
only by half, which are very different from the behavior of the extracted current.
The linearity between the extracted current and the density in the plasma still
holds in the cesiated discharge, but the coefficient is different from that of the pure
volume discharge. While the plasma density ( H- density plus electron density )
increases after cesium injection, the electron temperature becomes slightly lower.
The difference of coefficient of H- current to its density is considered to be due to
the difference of H- temperature. Assuming that the thermal ion flux determines
the extraction current density, the temperature of H- is estimated about 0.3 eV in
the pure volume discharge, and 0.07 eV in the cesiated discharge. This value is
consistent with the results at other volume-production-type H- sources. We
observed a low temperature by measuring a beam emittance in other experiment.
It is suggested that cesium ions make H- temperature lower due to their larger
mass.

(8) The bias voltage dependence shows that the extracted electron current
sharply decreases when the applied voltage becomes more positive but that the
electron density in the extraction region does not vary. On the other hand, H-
current shows the same behavior as H- density in plasma. Therefore the extracted
electron current reflects the electron density in the vicinity of plasma grid, where

the electron density becomes very small after cesium injection and is sensitive to
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the potential difference between the plasma grid and the plasma.

Conclusively it can be said that the addition of cesium in the volume-
production-type ion source enhances the H- production much remarkably than
expected from extracted beam current. Actually the H- density is larger than
electron density in the extraction region. On the other hand, the electron density
and the temperature does not change much. These results can not be explained by
the volume process alone. The fact that the extracted electron current decreases
much in the cesiated discharge shows that the electron density in the vicinity of
plasma grid is very low (our bias voltage experiments show that the electrons are
extracted only from the vicinity of plasma grid), which suggests the surface
production of H- ion on plasma grid. These H- ions are not extracted directly from
the originated region. We observed a good correlation between the extracted H-
beam current and the H- density in the extracted region. They are accelerated by a
potential between the grid and plasma and go through the extraction region
affecting by magnetic filter field and collision before extracted from the grid
aperture.

However, the other fact that the H- is still observed at the highly positive
bias voltage means that the volume production also remains because H- ions
produced on the plasma grid cannot leave due to the decelerated potential. In
order to develop higher current negative ion sources, plasma density should be
increased because the present plasma is already "H- rich". In this case, it is
important to use stronger magnetic filter to suppress the high energy tail

component of electrons in the extraction region.
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