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The discharge gas pressure is a key factor to influence the extracted current of ion source. In this
paper, the dependence of extracted current on discharge gas pressure was investigated in detail at
different arc discharge currents. The discharge gas pressure with a very broad range (0.1 Pa–2.7 Pa)
was scanned for the first time. It is turned out that, with the increasing of discharge gas pressure,
the extracted current increases and the arc voltage decreases at different arc currents; however, when
the discharge gas pressure exceeds a certain value, the extracted current decreases. For the same
discharge gas pressure, the higher the arc current, the higher the arc voltage and the extracted current
are. The arc efficiency was also calculated, and its dependence on gas pressure was almost the same
with the dependence of extracted current on gas pressure, but at the same discharge gas pressure, the
lower the arc current, the higher the arc efficiency is and the lower the extracted current is. © 2012
American Institute of Physics. [doi:10.1063/1.3681446]
INTRODUCTION

The ion sources for neutral beam injection heating system of HL-2A tokamak have been run successively for years.
The H-mode discharge at different operation parameters was
carried out on HL-2A tokomak by combining neutral beam
ion (NBI) and electron cyclotron resonance heating. To maximize the beam power of ion source, it is necessary to make
clear the relationship between discharge parameters and extracted beam current. In this paper, the key discharge parameters such as discharge gas pressure, arc voltage, arc efficiency
and the deceleration current were investigated in detail. The
discharge gas pressure with a wide region (0.1 Pa–2.7 Pa) was
scanned for the first time on the neutral beam sources of HL2A tokamak.
THE NEUTRAL BEAM ION SOURCE

The ion source of NBI system on HL-2A tokamak is a circular bucket ion source with magnetic multi-pole line-cusp, as
it is shown in Fig. 1. The discharge chamber of the source is
a water-cooled, stainless steel cylinder with 26 cm in diameter and 24 cm depth. The nine hair-pin-shaped tungsten filaments, which are 1.5 mm in diameter and 15 cm in length, are
attached to the filament holders at the top of the chamber. The
arc chamber wall serves as anode, which is surrounded by 36
lines of Co-Sm permanent magnets with length of 21.8 cm to
form the line-cusp magnetic field, with the magnetic strength
of about 2000 G at the inside surface of the wall.1, 2 The discharge gas pressure in arc chamber is measured with capacitance diaphragm vacuum gauge located at the back plate. The
extraction system is composed of 3 grids including plasma
grid, deceleration grid and ground grid with 17.4 cm diameter
and 313 cm aperture pattern. Apertures on the plasma grid are
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6.9 mm in diameter and that are about 5.2 mm on the deceleration grid and ground grid. The gap distance between the first
grid and the deceleration grid is about 7 mm and that is about
1.5 mm between the deceleration grid and the ground grid.

EXPERIMENTAL RESULTS

During the extraction experiments, one of the typical
curves of discharge parameters is shown in Fig. 2 in which
the curves from top to bottom in sequence are discharge gas
pressure, filament voltage, filament current, arc voltage, arc
current, acceleration voltage, extracted current, deceleration
voltage, and deceleration current.
To investigate the relationship between discharge gas
pressure and extracted current, we make setting values both
of filament current and arc current the same. The acceleration voltages were optimized according to the arc currents to
form beams with better performance and reduce the breakdown probability. The acceleration voltage was set at about
30 kV to 40 kV and the deceleration voltage was set at about
2 kV–2.5 kV. The experimental results separately with arc
current at 300 A, 350 A, 380 A, and 400 A have been obtained. The dependence of extracted current on discharge gas
pressure of 1# source is given in Fig. 3. The results obtained
on other ion sources are almost the same.
With the same discharge gas pressure, the higher the arc
current, the higher the extracted current is. For the same arc
current, with the discharge gas pressure increases, the extracted current increases at the beginning; however, when the
discharge gas pressure exceeds a certain value (critical gas
pressure), the extracted current decreases. So it is of great significance to find this critical value PC of discharge gas pressure. With the arc current increasing, PC increases. For arc
current at 300 A and 350 A, PC is about 0.4 Pa; for arc current at 380 A, PC is about 0.6 Pa; and for arc current 400 A,
PC is about 0.7 Pa.
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