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Electron cyclotron resonance (ECR) ion source is
considered to be the most efficient facility for generating
highly charged ions beams, because of its board ion
variety, high charge-state and beam stability,
repeat-ability, etc!'*. Through more than 30 years of
development, ECR ion source has been evolved from a
sizeable, energy-intensive and complicated prototype to
the one with compact structure, high efficiency and
user-friendly operations™®. However, compared with
experiments, the study on theories and simulations of
ECR ion source is more rare and immature, on account
of its complicated physical phenomena during discharge,
which will lead to a magnificent increase of
computational cost. With the rapid development of
high-speed,  high-capacity and high-performance
computers, it is feasible and essential to make an
in-depth study on the theories and numerical simulations.

Up to now, there are three models on the simulation
of ECR ion sources proposed by researchers!”), which are
the particle model, the fluid model and the hybrid model.
Compared with the other two, the particle model can
describe the actual physical process more precisely.

In this paper, we present the newly developed
MAGY/PIC/MCC (MPM) model for simulations of ECR
ion sources. We choose the MAGY theoretical model™°!
to describe the time-varying electromagnetic fields, the
PIC method to deal with the interaction between the
charged particles and fields, and the MCC method to
simulate the collisions among particles. The
electromagnetic model is applied to accord better with
physical facts.

The MAGY theoretical model is based on the
waveguide model expansion method. To describe the
electromagnetic fields as a superposition of transverse
electric and transverse magnetic eigenmodes of the
waveguide, we then need not to have a full solution of
Maxwell’s equations but instead a set of coupled partial
differential equations of amplitudes of the modes, which
can have a significant saving of computation. After this,
the fields can be computed as a superposition of the
eigenfunctions with the calculated amplitudes.

As for the motion part, we take advantages of the
PIC method in collective motions and the MCC method
in collision motions!!”. In the PIC simulation part,
relativistic equations of motion are solved by the explicit
leapfrog scheme using Boris’s method. In the MCC
simulation part, the elastic, excitation, ionizing
electron-neutral collisions and the elastic, charge
exchange ion-neutral collisions are taken into account.
For a snapshot, random number R; is generated and a
collision is assumed to have occurred if R<P.., where
P.. is the electron-neutral collision probability, then
random number R; is chosen to determine the collision
type said above.

So far we have built a self-consistent description of
the interaction between the charged particles and the
electromagnetic wave. Furthermore, a whole situation
circular flow including convergence judgments and
diagnostics has been established. In this way, we can
build a numerical simulation of time domain which is
able to give us the plasma properties during time
including the magnetic confinement, ECR heating and
highly-charged ionization.

Acknowledgements

This work is supported by the Fundamental Research
Funds for the Central Universities (Grant Nos.
ZYGX2016J065 and ZYGX2016J065).

References

[1] Geller R. Electron cyclotron resonance sources:
Historical review and future prospects (invited)[J].
Review of Scientific  Instruments, 1998,
69(2):613-613.

[2] Voronin G, Solnyshkov D, Svinin M, et al
High-current ECR ion source[J]. Nuclear
Instruments & Methods in Physics Research, 2000,
s 161-163(3):1118-1122.

[3] Ding Z F, Wu Q C, Ren Z X. Electron Cyclotron
Resonance Plasma Technology[J]. Physics, 1996,
(10):36-41+63.

[4] Gammino S, Celona L, Ciavola G, et al. Review on
high current 2.45 GHz electron cyclotron resonance
sources (invited)[J]. Review of Scientific
Instruments, 2010, 81(2):02B313.

[5] Zhang Z M, Liu Z W, Zhao H W. ECR Ion Source
of High Charge State[J]. Nuclear Physics Review,
2000, (01):58-62.

[6] Sun L T, Design and Experimental Study of Highly
Charged ECR Ion Sources, Doctor, University of
Chinese Academy of Sciences, 2004.

[71 Jin X L, The PIC/MCC Simulation of Electron
Cyclotron Resonance Discharge, Doctor, University
of Electronic Science and Technology of China,
Chengdu, 2007.

[8] Botton M, Antonsen T M, Levush B, et al. MAGY:
A Time-Dependent Code for Simulation of Slow
and Fast Microwave Sources[J]. IEEE Transactions
on Plasmaence Psi, 1998, 26(3):882-892.

[91 Reiter G. Generalized telegraphist's equation for
waveguides of varying cross-section[J]. 1959,
106(13):54-61.

[10] Jin X L, Yang Z H, Huang T. Simulation of electron
distribution features in the ionization process of an
electron cyclotron resonance discharge[J]. Physics
of Plasmas, 2007, 14(11):113505-113505-8.



