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Abstract

The space charge effect 1s one of the key factors affecting 1on beam transport and 1on beam quality, especially for low-energy high-intensity 1on beams. It can be partially compensated by the
secondary electrons produced from the 1onization of residual gas molecules 1n the beam pipe, and we are interested in the accurate value of this compensation degree. In this paper, we use a Three-grid
Energy Analyzer (TEA) to measure the secondary ion energy distribution of the beam, which 1s corresponding to the compensated beam potential distribution. To have accurate evaluation of the
compensation degree, it 1s essential to adopt a proper transverse distribution of the 1on beam, other than using the Gaussian theorem for uniform beams. The results of space charge compensation degree
study for singly charged 1on beams with a 2.45GHz microwave 1on source and for multiply charged 1on beams with a high charge state ECR 10on source are presented.
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Figure 1. The space charge effect of charged particle beams. ‘: - o ? P \?\ difference Agun is usually calculated with a uniform
The space charge effect of charged particle beams consists of two forces In _ v v _ beam potential distribution as:
opposite directions, the electric force F. of particles with like charges and the Figure 2. Space charge compensation of Ad = B0 —p(r )= |
magnetic force Fy caused by the induced magnetic field. The relation of Fz and Fg can residual gases. un-— PNt Azev
be expressed as: The space charge effect can be partially However, the actual beam distribution is hardly
F./F, = . 2= 1 c compensated by the secondary electrons uniform, especially for highly charged ion sources with
2meN Vil g Ve VE produced from the ionization of residual gas hexapole magnets. So we managed to calculate the
For low energy ion beams(v << c), F. >> F, , the magnetic force is negligible. molecules In the beam_pip_e. Th_e degr?e of beam pqten_tial_distribution by measuring the beam
space charge compensation is defined as: current distribution.

Measurements of Space Charge Compensation Degree

Figure 6. HECRAL ion source and the 128-channel picoammeter system.

We use a TEA to measure the secondary ion energy distribution of Art and He* beams A 128-channel picoammeter system and the TEA were placed at the same spot after the beam
produced by a 2.45GHz microwave ion source. By sweeping the voltage of G,, we can diagnostics chamber of HECRAL LEBT. We changed the focusing solenoid field to see the
obtain the variation of collecting current of secondary ions. Part of the measurement results Influence of the beam distribution on the measurement results. Part of the measurement results are
fitting with three straight lines are shown in figure 4. shown in figure 7 and figure 8.
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Figure 4. Secondary 10N energy distribution of Ar* and He™ beams. Solenoid Current=80A Solenoid Current=100A Solenoid Current=120A

Beam Current Distribution % 10° Beam Current Distribution % 10° Beam Current Distribution % 10*

Based on the image of the fluorescent at the same spot of the transport line with the
TEA, we perform the grey level distribution analysis to obtain the transverse distribution of
the beam current. According to the superposition principle of electric potential, the electric
potential of any point I can be expressed as:
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Figure 8. Beam current and uncompensated beam potential distribution of 1060euA O°* beams.
Table 2. Comparison between uniform beams and current analyzed beams.
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Figure 5. Example of the fluorescent image and the uncompensated beam

] - ] 6+ — 6+ —
potential distribution. O°"=535euA O°"=1060euA
The comparison of space charge compensation degree of uniform beams and gray level |_Solenoid (A) 80 100 120 80 100 120
analyzed beams are listed in table 1. Age (V) 6.6 54 5 8.4 8.0 5.8
Uniform A¢un (V) 4.5 4.6 4.5 8.8 9.1 8.2
Table 1. Comparison between uniform beams and gray level analyzed beams. Current Agun (V) 12.2 10.5 9.0 23.4 20.5 14.6
Puller Voltage 1KV oKV 3KV 1KV Y Current n 0.460 0.487 0.442 0.641 0.61 0.604
Agc (V) 10 12.5 A A eeee——————
Uniform A V 23.9 38.5 . :
Gray A ¢un\§ ) 20.6 28 2 389 642 68 6 |. A proper transverse beam distribution influences greatly on the degree of space charge
ay_f pun (V) | | | | | compensation, especially for highly charged ion beams.
Jnitorm 1 0.581 0-675 Il. For the same extracted beams, different puller electrode voltage or focusing solenoid field will
Gray 1 0.7471 0.738 0.743 0.805 0.818 not change the degree of space charge compensation.
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