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A new method is suggested for numerical simulation of self-congruent electron-ion optics in electron

sources based on high-voltage glow discharge. The method uses the tubes of current and permits to

consider the impact of recharges and the spread of electrons in velocities on the focal energetic

parameters of the shaped electron beam. The simulation results are included.

The sources of electrons based on high-voltage glow discharge (HVGD) with anode plasma have found application in

welding, soldering, and annealing of small-size articles in electronics and instrument-making industry, in coating with thin

films of complex chemical constitution including gaseous components, in metallurgy, machine-building etc. [1–4]. This is

related to advantages of HVGD over traditional thermocathode technologies, particularly, because of stable operation at

working pressures from several to several tens of Pascals, relatively simple structure of the cathode assembly, simple

control of electron beam power by variation of pressure at a stable accelerating voltage, etc.

However, further development and introduction of HVGD in industry is hampered by complexity of analysis of its

electron optics, since the position and shape of the anode plasma boundary has a strong impact on trajectories of the

charged particles. In addition, the energy parameters of the electron beam to be formed depend on the spread of electrons in

their velocities when they are emitted from the cathode surface due to ionic bombardment. For actual HVGD, treatment of

the self-congruent problem of search of electric field distribution in the domain of cathode potential drop, and

determination of the shape and boundaries of the anode plasma represents a difficult task if resolvable at all [2, 3, 5].

Because of this, for simulation of electron-optical systems of HVGD (HVGD EOS) one can apply a

theoretic-and-experimental method, when the position and shape of plasma boundary is outlined from photographs of the

discharge gap, and then use the obtained data for computer-aided simulation of the self-congruent electron-ionic optics of

HVGD [3].

In the present paper we consider a method of simulation of HVGD EOS, in which we assume that the plasma

boundary in the large discharge current conditions is parallel to the cathode surface [2, 3]. The plasma potential and the

position of its boundary are calculated based on the discharge existence conditions. Then the plasma is considered as the

electrode transparent for electrons with some known magnitude of potential. All this makes it possible to calculate

particles’ trajectories in the domain of the cathode potential drop with the space charge taken into account, and to locate the

focus of the formed electron beam, situated in the anode plasma domain. When calculating trajectories of electrons, we also

consider their spread in velocities during emission from the cathode surface.

Since in HVGD the density of electron flow from the emitter is relatively low (not exceeding 10
5

A/m
2
) [1, 2], one of

the main features of electrode systems of industrial gas-discharge electron sources consists in usage of cathodes with

well-developed emission surface. Because of this, HVGD EOS cannot be regarded as paraxial, and for their numerical

41

© 2005 by Allerton Press, Inc.

Authorization to photocopy individual items for internal or personal use, or the internal or personal use of specific clients, is granted by Allerton Press, Inc. for libraries and other users

registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided that the base fee of $50.00 per copy is paid directly to CCC, 222 Rosewood Drive,

Danvers, MA 01923.

Radioelectronics and Communications Systems Izvestiya VUZ. Radioelektronika

Vol. 48, No. 6, pp. 41–48, 2005 Vol. 48, No. 6, pp. 61–71, 2005

UDC 537.525:621.325



REFERENCES

1. A. A. Novikov, Electron Sources of High-Voltage Glow Discharge with Anode Plasma [in Russian],

Energoatomizdat, Moscow, 1983.

2. M. A. Zav’yalov, Yu. Ye. Kreindel’, A. A. Novikov, and L. P. Shanturin, Plasma Processes in Technological

Electron Guns [in Russian], Energoatomizdat, Moscow, 1989.

3. S. V. Denbnovetskii, J. Felba, V. I. Melnik, and I. V. Melnik, Model of beam formation in a glow discharge electron

gun with a cold cathode, Applied Surface Science, No. 111, pp. 288–294, 1997.

4. S. V. Denbnovetskii, V. I. Melnik, I. V. Melnik, and B. A. Tugai, Elaboration of cold cathode glow discharge

electron guns with high power, Proceedings of the 7th International Conference on Electron Beam Technologies —

EBT-2003, Varna, pp. 139–143, 2003.

5. V. P. Il’yin, Numerical Methods for Treatment of Electrophysics Problems [in Russian], Nauka, Moscow, 1985.

6. R. Hockney and J. Eastwood, Numerical Simulation by the Method of Particles [Russian translation], Mir,

Moscow, 1987.

7. S. I. Molokovskii and D. A. Sushkov, Electron Guns and Beams [in Russian], Energoatomizdat, Leningrad, 1989.

8. I. V. Melnik, Elektronika i Svyaz’, No. 8, pp. 107–109, 2000.

9. M. Siladyi, Electron and Ion Optics [Russian translation], Mir, Moscow, 1990.

10. A. Samarskii and S. Gulin, Numerical Methods [in Russian], Nauka, Moscow, 1989.

11. V. L. Granovskii, Electric Current in Gases. Vol. 1 — General Issues of Electrodynamics of Gases [in Russian],

GITTL, Moscow-Leningrad, 1952.

6 October 2003

48

Radioelectronics and Communications Systems

Vol. 48, No. 6, 2005


