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Introduction

« Space charge simulation of ECR extraction system
- Accel-Decel extraction system from plasma free surface
- Combined electric and magnetic fields

- Beam neutralization from gas secondary electrons
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Model

» Jon emission from a free plasma surface
- Self consistent plasma meniscus

- Bohm current density

« @eneration of secondary electrons from gas
- Energy distribution

- Angular distribution
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Source geometry with non-linear magnetic materials
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Mesh
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Boundary conditions, 0, -12kV, -10kV
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Primary Charged Particle Emission

* Emission from a free plasma surface
- Plasma free surface (specified current) - type 103 emitter
» Self consistent plasma meniscus
* lon temperature much lower than electron temperature
- Concave to convex meniscus
- User specified Bohm variables
» Particle mass
Particle charge
Electron temperature
Meniscus voltage
Current density
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Beam Interactions

Secondary particles
- From gas collisions
- From conductive surfaces
- From lossy dielectric surfaces
 Beam induced insulator charging

Other behavior
- Scattering
- Recombination
- Energy loss
- Current loss
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- Beam loss
» Volume backscattered emission
- Change current in beamlet
- Change energy in beamlet

Yield = [8—1/1}...((;1171)
Js

EnergyLossFactor = [j—E/E} e (CH’Z_I )
7
where: |is primary beam current
E is primary beam energy
S Is distance along trajectory
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- Volume secondaries

« Secondary particles created at Maximum Trajectory Step
Length characteristic spacing

. y dn 1
EmissionFraction = [}—/(2\7)]..(617? )
ds |

where: N is primary beam linear density
n Is secondary particle linear density
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Results

* Emission from a free plasma surface
- Benchmarked ion beam trajectories
» Good analytical benchmark to Child’s law

» Good benchmark to experiment with bucket source

« Magnetic field

- @Good benchmarks with non-linear materials
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Magnetic flux density on axis
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Nector Fields i

Plasma meniscus shape varies with current density
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Note vertical scale

00 10.0 200 300 400 800 £0.0 70.0 80.0 a0.0 1000

With magnetic field

Vector Fields H

‘softwarn for wioctamegnatis desig

Influence of magnetic field on non-neutralized ion beam
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Influence of magnetic field on gas secondary electrons
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Vector Fields
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With neutralization

JectarFields i

Influence of gas secondary beam neutralization
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Influence of gas secondary beam neutralization

1 Iarnplighter 950 Laramie Blvd, Unit D, Boulder, CO 80304, 303-884-5547, www.lamplightertechnology.com
aess L. K2 .., Reproduction or use prohibited without express written permission



17/3ep/2006 16:39:47

Rho_average

1.5E-14

1.0E-14} -~

5.0E-15

0.0

-5.0E-15

-1.0E-14

-1.5E-14

300 200 500 50.0 700

—— HNeutralised beam 0.04Amps/cm*2
------ MNo beam neutralisation

Along line at

radius = 3.5 mm

80.0 90.0
17/5ep/2008 15:21:58

25E-13
2.0E-13
15E-13
1.0E-13
5.0E-14
0.0
-5.0E-14
-1.0E-13
-1.5E-13
-2.0E-13
-2.5E-13

100.0

UNITS

Length mm
Magn Flux Density T
agn Fisld Am!

Magn ScalarPot A
MagniectarPot Wb

=" = Average across
= . beam diameter

PROBLEM DATA
ECRStep10_16_d7p04.0p3
SCALA Space charge
Simulation Mo 1 of 1

B7516 elements

39746 nodes

Modally interpalated fislds
Activated in global coordinates
16-fold rotational symmetry

Field Paoint Local
Coordinates
Lacal = Global

FIELD EVALUATIONS

Canesian  CARTESIAN  64xt
fnodal

X coord

35

Ycoord 0.0
Zcoord 20.0 36.0 520 68.0 84.0

Component: RHO, from buffer: Line, Integral = 4.4854503942E-12 : Space charge density j=0.040A/cm*2 No Neutralisation

35 35 3.5 35 35
0.0 0.0 0.0 0.0 0.0
100.0

Component: RHO, from buffer: Line, Integral = 3.61371757E-12 : Space charge density j=0.040A/cm"2 Neutralised

Vector Fields %

Space charge, Coulombs/mm?3

o0 lamplighte

O@®®® T CHNOLOGY

r 950 Laramie Blvd, Unit D, Boulder, CO 80304, 303-884-5547, www.lamplightertechnology.com
Reproduction or use prohibited without express written permission



hap contours: JBEAM
2.872382E-005

2.500000E-005

2.000000E-005

1.500000E-005

hap contours: JBEAM
7.775975E-005
1.000000E-D05

7.000000E-005

5.000000E-006
B.000000E-005

5 000000E-005

-7.084537E-007

Vector Fields | [~ 40000002005
e

e for secormaqoeis assign

3.000000E-008

2.000000E-005

With neutralization |

-7.837987E-007

Vector Fields H

e for secormaqeis: assign

Influence of gas secondary beam neutralization

[T . . .
:22: lamplighter 950 Laramie Blvd, Unit D, Boulder, CO 80304, 303-884-5547, www.lamplightertechnology.com

aess L. K2 ... Reproduction or use prohibited without express written permission



Conclusions

» Suitable plasma free surface emitter
- @Good agreement to bucket source

- Can simulate complex aperture shapes

« Secondaries from gas collisions

- Automatic sampling with FEM
* No PIC code

- User controlled emission laws
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