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The possibility of calculating the cathode shape of an ion sources for a beam formation system is investigated
with the computer code. The acceleration of nitrogen ions with energies from 10 to 50 keV and ion currents of
10...20 mA was investigated [1]. The charged particle beams dynamic in a two-potential electron-optical system is
showed. The calculation results are compared with the experimental data. The simulation can be used in the design
of injection systems and selection of operating parameters of power sources of technological installations for surface

modification.
PACS: 29.25.Ni

INTRODUCTION

In modern industrial technologies ion beams are
widely used to clean the surface of processed products
[2]. lon bombardment at energies above 10 keV, i.e. the
introduction of ions is used to change the shape, physi-
cal, chemical, electrical and magnetic properties of the
surface of the processed products. In the world there is
an interest in creating equipment for the application of
ion beams in the materials irradiation experiment and
industrial technologies [3]. The need to create fluxes of
charged particles uniformly irradiating the surface at a
given energy requires the creation of complex formation
and transport systems. The paper [4] considers the use
of a process unit with a source of ions of reactive gases
and describes the possibilities of using ion beam-
assisted technology to study the properties of coatings.

DESCRIPTION

Experiments on the acceleration of nitrogen ions to
50 keV are described in the paper [5]. To obtain a high-
current beam of accelerated ions, we used a three-
electrode axial-symmetric acceleration-focusing system
installed at the output of the gas discharge chamber
(GDC) of the ion source (IS). A high voltage was ap-
plied between the GDC body (the first plasma electrode
— the IS cathode) and the experimental chamber body
(the third accelerating electrode), while the working
chamber was grounded and the positive potential was
applied to the discharge chamber of the IS. A negative
potential was applied to the intermediate electrode (the
second electrode — focusing), which is 5...10% of the
accelerating potential.

The ion beam leaving the GDC through the cathode
grid without feeding a high potential converges and
passes through a small-diameter hole electrode. In this
case, the ionization of the residual gas ions and the res-
onant charge exchange of ions on the residual gas in the
volume of the accelerating tube occurs, since for ions up
to an energy of 4...5 keV their cross section is large.
When the focusing power source (PS) is switched on,
the ions passing through the diaphragm aperture are
accelerated by focusing voltage. At this moment, the
current of the order of the total current during accelera-
tion is fixed in the PS circuit of the focusing voltage.
This current is due to a large flow of positively charged
ions to the second electrode and to the flow of the emis-
sion electrons. When the accelerated beam is formed,
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the pressure in the experimental chamber increases (gas
evolution from the walls during bombardment). There-
fore, the accelerating voltage is applied smoothly, con-
trolling the leakage current to the electrodes of the sys-
tem and the pressure in the experimental chamber.
When the accelerating PS is switched on, it is necessary
to rapidly pass through the voltage rise to 15...20 keV.
Since there may be an overload of the accelerating cur-
rent with the current and the operation of the PS protec-
tion system. This current is due to a large flow of
charged particles from the volume of the accelerating
tube and the working chamber. It causes a parasitic
loading of the accelerating PS, heating of the GDC elec-
trodes and the appearance of X-ray radiation. After
forming the beam of accelerated ions, the load current
of the source of the focusing voltage drops, and the load
current of the accelerating voltage source is determined
by the beam parameters of the accelerated ions.

CALCULATION RESULTS

The ELION calculation program is designed, which
simulates the dynamics of charged particles in the elec-
tron-optical system. For the particle current density, the
flow continuity equation is satisfied. To calculate the
electric potential and the electric field strength, the solu-
tion of the Poisson equation is used for given boundary
conditions on a uniform rectangular grid. The density of
space charge is determined along the trajectories at the
grid nodes at a given value of the current of each tube.
Trajectories are determined by integrating the equations
of motion in given fields for given initial conditions.
The emission current is limited by the space charge and
is determined for each current tube. The solution is a
step-by-step approximation. The distribution of the grid
potential is found, the emission current density is de-
termined, the trajectories of the current tubes and the
distribution of the charge density at the grid nodes are
found. After that, the calculation step is repeated. To
suppress the oscillations of the numerical solution, the
relaxation of the emission current is used. The relaxa-
tion coefficient can be determined.

The program allowed to simulate the system of for-
mation of the ion flow of the process unit. The shape of
the electrodes of such systems is carefully modeled, and
when assembling a high accuracy of repetition of the
calculated geometry is required. The two-potential sys-
tem ensures the formation of a wide-aperture accelerat-
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ed ion beam on the target in the experimental chamber
(see Figure).

The presence of a focusing potential prevents the
flow of electrons along the axis of the accelerating tube
from passing to the plasma electrode. The presence of a
focusing potential contributes to an increase in the cur-
rent density of ions, which in the aperture of the dia-
phragm of the plasma electrode is equal to several tens
of milliamps per square centimeter (5...30 mA/cm?).
One method of increasing the current density is to re-
duce the gap between the diaphragm of the plasma and
the focusing electrode. However, there are certain de-
sign and electrical limits that prevent a significant re-
duction in this distance. Due to the finite axial size of
the electrodes and the diameter of the holes in them, this
distance can not be significantly reduced.
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Forming a beam of a two-potential system

CONCLUSIONS

In this work the dynamics of particles in a complex
electron-optical system have been calculated. The pur-
pose of the calculations is to check the influence of the
emission shape, taking into account the space charge of
the beam, taking into account the electric strength, de-
termining the optimal stresses on the cathode of the ion
source and the hole electrode, in which the ion beam has
the required transverse dimensions, longitudinal and
transverse velocities. The performed calculations show
the possibility of forming a wide-aperture ion beam with
a homogeneous current density distribution on the tar-
get. The results of the calculation are consistent with the
experimental estimates of the beam current by the probe
technique.
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PACYET NOBEPXHOCTHU DMHUCCHUHU UCTOYHUKA NOHOB PEAKTUBHBIX I'A30B
C IOHWKEHHBIM HATEKAHUEM HEUTPAJIBHOI'O TA3A

11.A. Mapmuinenko

HanHast paboTa IOCBSIICHA HMCCICIOBAaHUIO BO3MOXKHOCTH pacueTra (OpMbI MOBEPXHOCTH SMHCCHH CHCTEMBI
YCKOpPEHHs MOHOB PEaKTHBHBIX ra3oB. Pemaercs camocoriacoBaHHas 3ajadya AUHAMHKH 3apsDKCHHBIX YacTHL B
JBYX-IIOTEHIMAILHON 3IIEKTPOHHO-ONTHYECKOH cucremMe. Mccnenyercs cucteMa yCKOPEHHUsI HOHOB a30Ta C SHEPTHU-
eit ot 10 no 50 x3B ¢ toxom 10...20 MA. IIpoBeneHo cpaBHeHHE pe3yJIbTATOB pacuera ¢ AKCIEPUMEHTAIbHBIMU
JaHHBIMH. PacdeTsl MOTYT HCHOJB30BATHCS IPU KOHCTPYHPOBAHMU CHCTEM WH)KEKIIMH MOHOB M BBIOOpE padoumx
napaMeTpoOB UCTOYHUKOB MUTAHUA TEXHOJOI'MYCCKHUX YCTAHOBOK JJIA MOZ[I/I(bI/IKaI_[I/II/I TOBEPXHOCTH.

OBUYMCJIEHHS ITOBEPXHI EMICII JIKEPEJIA IOHIB PEAKTUBHUX T'A3IB
13 3HUKEHUM HATIKAHHAM HEUTPAJIBHOT O IT'A3Y

I1.0. Mapmunenko

L1 poGoTa mpucBsiUeHA JOCIIKEHHIO MOKIMBOCT] pO3paxyHKy (OpMH eMiciiiHOT IOBEpXHI JUIs CHCTEMHU TP HC-
KOPCHHS 10HIB PEaKTUBHHX Ta3iB. HaBeneHo dncenbHUN pO3paxyHOK CaMOY3TOKEHOI IMHAMIKU 3aps/DKEHHUX dac-
THUHOK y JABOIOTEHIIHHII eJIeKTPOHHO-ONTHYHIH cucTeMi. [lOCHiKyIOThCSl BIACTHBOCTI CHCTEMH MPUCKOPEHHS 10-
HiB 10 eHeprii 50 keB 3i crpymom 10...20 MA. [IpoBeneHO MOPIBHIHHS PE3yJbTATIB PO3PAaXyHKY 3 €KCIIEpUMEHTa-
JHHUMH JaHUMHU. PO3paXxyHKH MOXXYTh BHKOPHCTOBYBATHCSI IIPU KOHCTPYIOBaHHI CHCTEM INPUCKOPEHHs iOHIB Ta
BHOOpY pOoOOUYMX MapaMeTpiB JKepe KUBICHHS TEXHOJIOTIYHUX YCTAHOBOK ISl MOAUQiKaIlii MOBEPXHi.
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