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3-8  Reduction of the Heat Load on Acceleration Grids in the Negative lon Based Neutral Beam Injector
— A Step Toward Long Pulse Beam Injection —
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A negative ion based neutral beam injector (NNBI) was
desired to extend pulse duration from the design value of 10 s
up to 30 s, maintain the plasma characteristic of “JT-60U” for
a long period. Photo3-1 shows the negative ion source for
“JT-60U”. The pulse duration has been restricted by the
temperature rise of cooling water. To extend pulse duration, it
was necessary to reduce the heat load on the acceleration
grids. There are two causes of the grid heat load. One is the
direct interception of accelerated negative ions and the other
is electrons co-accelerated with negative ions. In this research
the reduction of heat load by electrons was attempted. Many
electrons are generated by being stripped from negative ions
when the negative ions collide with residual gas molecules in
the accelerator. The electrons produced there are accelerated
and collide with the acceleration grids. These stripped
electrons can be reduced by decreasing pressure in the ion
source. However, the pressure in the source chamber needs to
be around 0.3 Pa so as to extract large negative ion current. In
order to reduce pressure in the accelerator while keeping the
pressure in the source chamber at 0.3 Pa, the structure of the

Photo3-1 (left)

Negative ion source for JT-60U

22A Deuterium negative ion beam at 500
keV is produced.

Photo3-2 (right)

Vent of acceleration grid

Vents are made on both sides of five grid
segments in order to reduce the pressure
in the accelerator.

Fig.3-17 Dependence of the grounded grid
(GRG) heat load on source pressure

This shows the ratio of GRG heat load to beam
power. The ion source is normally operated at
0.3 Pa. With vents, the heat load by electron
impact is improved about 40%.

acceleration grid segment is modified as seen in Photo3-2.
Acceleration grids are composed of five segments, and in the
original design, negative ions are extracted from all five
segments. To lower pressure in the accelerator, vent grids
were added to both sides of acceleration grid segments. In
this case, the upstream plasma grids are masked so that
negative ion beam are not extracted as they pass through vent
grids. Fig.3-17 shows the dependence of the grounded grid
(GRG) heat load ratio per beam power on the source
pressure. In this figure, the GRG heat load ratio increases
with the source pressure. This increase seems to be caused by
electron impact, whereas the heat load ratio which is present
regardless of pressure, around 4%, is negative ion
interception. By decreasing pressure at the accelerator with
the vent grids, the production of stripped electron is
restrained, and the heat load ratio due to electron impact is
reduced about 40%. This leads to restraint of the temperature
rise of cooling water by about 35 degree under steady state
condition more than 10 s. The pulse duration of one ion
source was extended up to 25 s.
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