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Abstract

A number of new RF sources are in development that
require complex analysis of steady-state, charged particle
trgjectories. A few codes are currently available; however,
they are difficult to use and place severe demands on
computational resources. A new program is nearing
completion that addresses issues of problem setup and
significantly reduce the computational requirements. In
particular, the code accepts geometrical input from
standard CAD of solid modeling programs, provides an
intuitive graphical user interface for attribute assignment,
and requires no user setup of the computational mesh.
Meshing is fully automatic and adaptive. The mesh
adaptation dramatically reduces the size of the
computational problems, often by three orders of
magnitude, while maintaining or increasing the accuracy
over conventional fixed mesh codes. The program
includes both electrostatic and magnetostatic field solvers
and a fully relativistic particle pusher. The code is
intended for engineers and scientist involved in design of
the next generation of complex, 3D, charged particle
devices.

INTRODUCTION

Calabazas Creek Research, Inc. (CCR), in cooperation
with the Scientific Computational Research Center
(SCOREC) at Rensselaer Polytechnic Institute, and
Simmetrix, Inc., is completing development of a 3D,
finite element, adaptive mesh program for designing
electron guns, collectors, and other charged particle
devices. The program is called Beam Optics Analysis
(BOA) and includes an intuitive, user-friendly, graphical
user interface (GUI) and integral, 3D, magnetostatic
solver. The adaptive meshing eliminates requirements for
user input of mesh information, dramatically simplifying
problem setup, especially for 3D problems. The adaptive
meshing also reduces the number of nodes to the
minimum necessary for problem solution, significantly
reducing the computational requirements and problem
execution time.

PROGRAM STRUCTURE

The GUI provides input of geometrical information from
any program that outputs ACIS or ParaSolid formatted
files, which includes most all commercially available
CAD programs. The geometrical information is
transferred to a display program for assignment of
attributes to objects and surfaces. Typical attributes
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include voltages, emission surfaces, and material
properties. Materia propertiesinclude conductivity,
dielectric properties, work function, secondary emission
properties, and magnetic properties. For emitters, the user
will be able to input work function and temperature
information. Future versions will allow variation of these
parameters across the emitting surface. Properties for
commonly used materials will be built into the GUI.
Prototype GUI screens are shown in Figure 1.

: -
Zlofx [ Gebensie

Flle Wiew | anaylsis Modsl Msshing Attributes Execute ™ Set Global Mesh Sizs

Window H o E\actr&at\c = -
Magnetostatic =1 | Type

Electrostatic Baam

Electro/Magnetostatic Beam

Electrostatic/ Self Field Beam
ElactrofVagnato/Sef Fisld Beam

| aver(z]

[ Side [ Numher | avers [ Hei

okl Mesing Atiibues Evere Windw Hep

wa
2@ i&P 3|§
x|

Volags alts
Material: 4L-300  Selsct

Dielectic Constant:

Lass Tangent:

& Volume Charge

L Coulombs/cm3

~Emitter
Eitter Coyes Cono

Cathode " Thermianic " Injected Beam

- Thermionic Cathode Properties

Temperature (1050 B
wwiork Function (1.8 o

"|n\ecled Beam Fils

Inputt Data

ok I
Figure 1. Prototype GUI screensin BOA

Once the attribute information is assigned, the user inputs
programmatic information, including the accuracy
requirements, number of iterations, and convergence cri-
teria. The program will also have arestart capability.
Upon initiation of program execution, the geometrical
information is transferred to MeshSm, the mesh
generator, which creates the initial mesh based on user
and geometrical information. A simple exampleisa
charged cylinder in a square box, shown Figures 1 & 2.
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Figure 2. Single cylinder in a box

Theinitia mesh is used to solve Laplace’' s Equation
throughout the region preparatory to emitting electrons
and solving Poisson’s Equation. For the example problem,
electrons are emitted from the left boundary and
accelerated to the right. Asthe problem evolves, the mesh
is adapted based on the electric field values and the space
charge of the electrons. Figure 3 displaystheinitial mesh
and the final mesh for the sample problem. In addition to
refining the mesh in regions with high electric field
gradients and space charge, the element density is reduced
where the accuracy criteriais exceeded, such as at the
problem boundaries. Consequently, the number of
elementsis reduced to the minimum necessary to solve
the problem. For the sample problem, the number of

initial elements was 1641, and the final iteration contai ned
2690, despite the fact that the element density at the
central cylinder increased by more than one order of
magnitude. Equivalent accuracy with afixed mesh code
would require more than 55,000 elements, approximately
20 times the number required by BOA.

Figure 3. For the example problem, the initial meshis
shown on the left and the final mesh is shown on the
right. These are dlices through the tetrahedral mesh
perpendicular to the direction of electron emission.
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The trgjectories for the sample problem are plotted in
Figure 4. The BOA results are being compared with
analytical problemsto verify the accuracy and optimize
the performance. The GUI is aso being completed to
facilitate generation of input data and provide post
processing. Problem setup is being tested with AutoCAD
and SolidWorks.

Figure 4. Electron trajectories for sample problem.

The program includes an integral, 3D, magnetostatic
solver. This alows design of the magnetic circuit in
parallel with the electrostatic configuration and eliminates
import of magnetic field information from other 3D
programs, though the code will have capability to import
field information from Maxwell 3D and MAFIA.
Calculation of self magnetic fields isincluded.

Development of the magnetostatic solver required
considerable effort, including development of a new class
of tetrahedral element to allow precise matching of
boundary conditions across element faces. Thiswas a
joint development between CCR and researchers at
SCOREC. Information on the components and
performance of BOA will be presented. The
magnetostatic solver is currently undergoing final testing.
A comparison with theoretical resultsis shownin Figure 5
for a sample case.
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Figure 5. Sample test results for simple magnetostatic
problem

FUTURE DEVELOPMENTS

Following completion of the basic code, a number of
enhancements are planned. These include:

e parallel processing,

»  secondary electron emission,
e performance optimization

e enhanced post processing,

e template generation.

Additional features will be incorporated as suggested by
USers.

SUMMARY

An advanced 3D trajectory code with adaptive meshing is
undergoing final testing. The program accepts geometrical
input from standard CAD programs with parametric input
from a user-friendly, intuitive, graphical user interface.
With adaptive meshing, no user input is required for the
mesh. The initial mesh is generated automatically, then
coarsened or refined based on the computational results.
This minimizes the computational requirement and allows
analysis of complex, 3D problems on common personal
computers.
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