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The computer smulation of the extraction of high current charge particle beam from a plasma source and its
transport has been used for investigation of the beam quality and its dependence from plasma parameters. The
calculation has been made for different geometry extraction system as well as acceleration gap for purpose system
optimization in atempt to generate the steady beam and to study the behavior and influence of different factors on beam
parameters. The results indicate that the geometry extraction system, aperture shape and its diameter play an important
role in beam formation process. Simulation shows that acceleration voltage and emission current essentia influent on
beam quality, intensity and beam divergence. The simulations are in a good agreement with experimental results and

can provide the basis for optimizing of plasma source construction and its parameters for beam generation.
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1. ION BEAM EXTRACTION

3D computer code Kaobra [1] is intended for solving
stationary problems of forming charged particle beams in
externa and self-consistent electric and magnetic fields in
vacuum and gasfilled systems. It alows trandate the
geometry information into mesh information and take into
account plasma source geometry and acceleration gap
geometry as well as physical condition for beam
formation. The finite difference method (FDM) is used
for the discretisation of equations. For solution of the set
of algebraic equations an iterative point-to-point over
relaxation method (SOR) is applied. The first step is
solution of the Laplace equation with using seven point
differential schemes. Equation of motion is solving by
exact integration. By repeated solving of Poisson
equation, motion eguations for particles and re-
determination of the space charge digribution a sdlf-
consistent solution can be found. The exigting boundaries
between regions with space charge and region with
plasma condition are taken into account.

Theion source of the MEVVA type[2] has been used
as ion extracted system for calculations. The beam is
extracted from plasma by applying a potentia difference
between the plasma and the beam line. The plasma is
looking as callision less, fully ionized and the ions
confined in the plasma are of different charge states.
Insde the plasma a homogeneous ion density distribution
is assumed. The gtarting energy is given by a direct ion
drift energy which is determined by the physics of plasma
formation and the ion temperature. Corresponding data
for plasma source have been taken from experiment [3].
The space charge inside the plasma is compensated by
electrons with next density distribution:
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where ng —the electron density in undisturbed plasma, Te

— electron temperature, g- charge, dp=¢y -¢ is difference

between plasma potentiad and loca potential. This

function describes the electron density term for the

solution of Poisson’s equation. The motion of particle is
written by equation:
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In these equations E — the electric field, B- the
magnetic induction, v; — the velocity of the particle with
charge Q and mass -M;. For transport high-current ion
beam we need take into account the importance the space
charge of the particles in addition to the external fields:
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(here j is current density and N is maximum charge of
ions in the beam) and the magnetic self-field that may
influence the particles themselves:

B = momrlv (4)
r

where B is the magnetic flux density, wo ur -the
permeability and r is the perpendicular distance to the
trajectory.

The evaluations have been made for different
geometry of extraction system for purpose optimizing of
the construction. Fig.1 shows the cross-sectional view and
character plasma boundaries. The ac-dc system is used for
saving the space charge compensation of the extracted ion
beam. Fig.1 shows the cross-section view and character of
plasma boundary for three different type of extraction
system. On picture firgt left electrode is plasma electrode,
second — screening and third — ground.
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Fig. 1. Emission boundariesfor different type of
construction of extraction system

The position of plasma emisson boundary is
determined by interaction of accelerating electric field
with plasma discharge. If plasma parameters (ion density
and electron temperature) are constant then current
density is constant aso and plasma boundary position is
determined by acceleration voltage. The ions will run
from plasma norma to plasma surface. Thus, velocity
vector has component directed to axe beam and beam will
focused, but beam density and space charge will increase
and will lead to increase of diverging force. Such we have
two opposite process and there is optimal condition that
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provides minimal divergence for the extracted ion beam.
Fig. 2 shows the trgjectory plots that can be received for
upper shown constructions.
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Fig.2. Trajectory plots for different extraction system
geometry (the cross-section present on Fig. 1)

We can find from comparing different geometry that
one is more suitable for delivering an ion beam with the
minimum divergence of the extracted ion beam (a), but
the other can provide biggest beam intensity (c).

From summary results, which present on Fig.3 we can
see that beam divergence decreases with increase of
current and acceleration voltage, but intensities of the ion
beam grow with increase of emission current and
decreases with increasing screening electrode potential. It
is in agreement with experimenta results[3].

—m— U=20kV, DC=-1kV
144
134
12
2 1
£
£ 104
3
3 o
8
, ./
6 T T T
20 25 30 35 40
Emission curren t (MA)
a
0] —m— U=12kV]
—®— U=20kV
7,54 U=25kv
701 1=25mA
65
. 6.0
<
E 554
= ..
g 50 S ——
5 .
O 454
4,04
35
3,0
25 :
1 2 3 a 5 6 7
DC potential (-kV)

Fig. 3. Intensity of the ion beam at the end of section
as function of the: a) emission current, b) dc- voltage

2. ELECTRON BEAM EXTRACTION

Simulations have been made for plasma electron
source with hollow-cathode, based on electron emission
from the gas discharge plasma. The schema of plasma
electron source is shown on Fig.4.
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Fig. 4. Electrodes scheme of plasma electron sources:
1 —hollow cathode, 2 — cathode insertion, 3 —anode, 4
— accelerating electrode, 5 —focused system

The discharge with hollow-cathode 1 is using for
plasma generation in system. Electrons are emitted from
the plasma along system axes through central hole in
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anode 3. Electrons are accelerated by dc-voltage applied
between anode and accelerating electrode 4, behind them
there is magnetic focusing system 5.

Presence of gas in beam formation region provides
space charge beam compensation by ions, which is
generated by ionization of residual gases. It reduces
divergence forces in electron beam and provides
increasing beam density and thus can change electric field
configuration in acceleration gap that influences on
electron trgjectories and beam quality. Gas ionization in
acceleration gap provides occurrence of ions back
streaming to plasma and therefore changing plasma
boundary position because the plasma density increases.
All thiswill influence on beam configuration and quality.

The cal culations have been made for different sizeand
aperture shape of emission electrode with the am to
determine the behavior and influences of different factors
on geometrical parameters of the electron beam. Fig. 5
shows the cross-sections and emission boundaries for
different kind of electrode systems.
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Fig. 5. Emission boundary for different kind of electrode;
cylindrical hole a)@=1.5mm, b) @=1mm, c) conic hole

Fig. 6 present resulting corresponding trajectory plots
(without external magnetic field).
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Fig. 6. Trajectory plots corresponding to electrode
system configuration present on Fig. 5

The comparison of electron beam parameters at the
exit of system for these cases shows maxima beam
current for case @) and minimal beam divergence for case
¢). Emission current increases with increasing of hole
diameter, but if diameter is too big (>1.8 mm) the beam
will not form, because of the plasma penetration from
discharge region to acceleration gap. The aperture shape
plays important role in beam formation, too. The
simulation shows that configuration 5¢) provides minimal
beam loses and biggest beam intensity at the exit of the
system.

The important task is influence of acceleration voltage
on quality and geometry of electron beam. Fig. 7 shows
summary results for dependence of beam intensity from
acceleration voltage. We can see that beam divergenceis
decreasing and beam intensty increase with increasing of
acceleration voltage for emission current less than 0.5 A.
For emission current bigger than 0.6 A there is optimal
voltage that allows get maxima beam intensity and
minimal divergence when electron beam pass through
drift space. Increasing of accelerating voltage displace
plasma boundary and it become more flat. Opposite it —
with emission current increasing will increase plasma
density and because it reduces distance between plasma
and accelerate electrode that will lead to increasing
curvature of the plasma surface. Thus there is optimal
acceleration voltage and emission current that provide
minimal divergence of the beam. The calculation is with
agreement with experimental results [4, 5].
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Fig.7. Intensity electron beam as a function of
acceleration voltage a) simulation, b) experimental result

The great interest for technological purpose has sharp
focused dectron beams, which used at least for two fields
of employment: electronic beam welding and fusion. For
such beam formation important role plays externa
magnetic field. Calculation confirms that location the
focusing system influence on beam convergence and
important for delivering beam for the distance required by
technological process. Fig. 8 demonstrates resulting
trgjectory plots for different location of focusing system.
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Fig. 8. The center of focusing system locates from
anode on distance: a) 60mm, b) 80mm

Fig. 9 shows experimental and simulation results for
dependence beam diameter on accelerating voltage for

distance 15cm from focusing system for different
emission currents. One can see that experimenta and
calculate dependence have the same tendency decreasing
with beam divergence increase of acceleration voltage.
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Fig. 9. Dependence beam diameter on acceleration
voltage: a) experimental result, b) calculation

CONCLUSIONS

The computer models for charge particle beams have
been building and characteristics beam extracted from
plasma sources were investigate. The results indicate that
the geometry extraction system, aperture shape and its
diameter play an important role in beam formation
process. Simulation shows that acceleration voltage and
emission current essential influent on beam quality,
intensity and beam divergence. The eectron beam
focusing are improve with accelerate voltage increasing
There is optimal emission current, that give maximal
beam intensity and minima beam divergence. The
simulations are in a good agreement with experimenta
results.
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KOMIIBIOTEPHOE MOJEJIUPOBAHME U3BJEYEHUSA U TPAHCIIOPTUPOBKHA
IMYUYKA 3APS’)KEHHBIX YACTHIL
HU.B. Tumoexo, EM. Okc

[IpoBeneHo yncineHHOE MOAETMPOBAaHNE (POPMUPOBAHUS ITYYKOB 3apsSHDKEHHBIX YACTHUI] U3 MIIa3MEHHBIX HCTOYHHKOB,
a TaKKe pacyueThl TPAHCIIOPTUPOBKH ITydka B APEeH(OBOM NPOCTPAHCTBE C YUETOM MPOCTPAHCTBEHHON KOMIICHCAIINU
3apsima. Ha ocHOBe MONMy4YeHHBIX ITAHHBIX MOXKHO ONTHMH3HMPOBATh KOHCTPYKIMIO H3BJICKAIOMIEH M YCKOPSIOIIEH
CHCTEM IUIa3MEHHBIX UCTOYHUKOB, a TAK)KE ONTHMHU3HPOBATH IMapaMETPhl HICTOYHUKOB 1 MOJTYYUTD ITyYKH 3apsHKEHHBIX
YACTHII C 3aJaHHBIMH IIAPaMETPaMHU.

KOMIT'IOTEPHE MOJAEJIIOBAHHS ®OPMYBAHHSI TA TPAHCIIOPTY
IMYUYKA 3APSIIKEHUX YACTOK
LB. JIimoéko, E.M. Okc

[poBeneHo YuceNbHE MOJICITIOBaHHS (POPMYBAHHS IYUYKiB 3apsPKCHUX YacTOK 3 IUIa3MOBHX JKepel. Takox O0yno
3po0JIEHO YHCENbHI PO3paXxyHKH TPAHCIOPTYBaHHsS IydKa B JApeioBOMy IPOCTOpI 3 ypaxyBaHHSIM IIPOCTOPOBOT
KOMITeHcarlii 3apsay. Ha ocHOBI ofiepkaHUX pe3ynbTaTiB MOYKHA 3MIMCHUTH ONTUMI3aIlil0 KOHCTPYKIIiH eKCTPaKIiOHHOT
Ta MPUCKOPIOBAIBHOI CHCTEM ILIa3MOBHX JDKEpEN, a TaKOXK ONTHMI3yBaTH MapaMeTpu JDKEpeNl Ta OTPUMATH ITy4KH
3apSPKCHUX YaCTOK 3 3aJaHUMH [TapaMeTpaMH.
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