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Modeling of Electric Field created by Electronic Optical System
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Introduction

Over the last thirty years, the finite element method has
been established as a powerful and widely employed
numerical technique for solving electromagnetic problems.
A very vigorous activity has been recorded in the area of
applying the finite element method [1-3] for various 3-D
electromagnetic field computations promoting this method
as the most powerful and versatile numerical technique not
only for electromagnetic analysis, but also for applications
which span wide range of different engineering disciplines.

Electromagnetic devices have their behavior governed
by the electromagnetic fields which flow in them. These
fields obey Maxwell's equations, therefore, in order to be
able to predict performance characteristics, it is necessary,
in the course of design of these devices to solve the
Maxwell equations describing the field. Differential form
of the Maxwell equations has made electromagnetic field
computations a heavily mathematically oriented discipline.

Fortunately, with the advent of the computers and the
subsequent advances in computing power, storage devices,
as well as developments in numerical techniques, it is now
possible to use simple numerical approximation schemes to
solve large-scale problems within reasonable time limits.
In the real world, involving complex geometries and
numerous electromagnetic  configurations, numerical
schemes yield by far more accurate solutions than their
classical analysis counterparts. Nowadays, modern trends
in electromagnetic field computations are almost entirely
based on these numerical schemes.

Real numerical methods can be broadly divided into
three separate groups: integral methods, differential
methods, and variational methods. The most important and
widely employed variational method today is the finite
element method. Today, the finite element method is
widely established procedure for analysis, optimization and
design of electromagnetic devices and a large portion of
modern CAD/CAM/CAE modules or expert system are
partially or entirely based on this method.

Creation of EOS construction model

ANSYS/Emag 3D (ANSYS Inc.) software package,
based on finite element method, was selected to simulate
electric field of EOS. EOS modeling process consists of
following stages: creation of libraries of electrode models
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and presumable electron trajectory models; overall EOS
model assembly; marking of zones with different number
of finite elements and creation of finite element mesh;
setting electrode potentials; electric field calculation and
saving results to data files.
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Fig. 1. EOS construction model
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Fig. 2. Presumable electron trajectory approximated using eight
cylinders

EOS construction model consists of several separate
electrodes. In this case, EOS is composed of seven
electrodes cathode, modulator, first accelerating
electrode, first focusing electrode, second accelerating
electrode, second focusing electrode and anode. Such EOS
is shown in Fig. 1 and Fig. 2.
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Fig. 3. EOS modeling algorithm

EOS electrodes during finite element method modeling
are approximated using basic geometrical shapes
(cylinders, rectangles, cones, etc.) with the help of logical
operations. Then resulting overall electrode construction is
saved to IGES file (Fig. 3). This format is widely used to
describe dimensional structures in automated design
systems (AutoCAD, SolidWorks, etc.).

Presumable electron trajectory zones were selected in
order to reduce the calculation span. It is obvious, that
electron trajectories exist only in electrode aperture
regions. Thus presumable electron trajectory zones (central
and side) are approximated using eight connected cylinders
(Fig. 2, Fig. 4, Fig. 5). Parameters of cylinders, used to
describe presumable electron trajectory, are shown in
Table 1. Joint cylinder structure (Fig. 2) is saved to /GES
file. Thus EOS separate electrode and presumable electron
trajectory zone libraries are created. This library can be
modified and complemented at any time.

Joint EOS model is designed by placing needed
electrodes and presumable electron trajectory zones into
appropriate dimensional coordinate system. Therefore
there is a possibility to model any asymmetry of EOS, for
example, electrodes can be shifted or rotated in respect of
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x, y, z axes. Asymmetric EOS construction model, when
modulator is shifted Ax=0.035mm and Ay=0.035mm is
shown in Fig. 6.

Table 1. Parameters of side presumable electron trajectory

Presumable | Beginning Cylinder | Cylinder | Mesh
electron of . .

. . radius, length, | spacing,
trajectory cylinder

: mm mm mm
cylinders Z, mm
1 cylinder 5,495 0,254 0,125 | 0,0179
2 cylinder 5,620 0,254 0,870 | 0,0512
3 cylinder 6,490 0,672 1,220 | 0,0938
4 cylinder 7,710 1,700 5,260 | 0,3507
5 cylinder 12,970 2,275 5,400 | 0,3600
6 cylinder 18,370 2,275 11,000 | 1,2222
7 cylinder 29,370 2,275 6,300 | 0,2520
8 cylinder 35,670 2,275 5,180 | 10,3453

Macro commands were written using ANSYS APDL
programming language in order to speed up model
creation. Complete EOS model is written to a specific “All
1 file COMB file (Fig. 3).
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Fig. 4. EOS central electron trajectory model (section y=0)
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Fig. 5. EOS side electron trajectory model (section y=0)
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Fig. 6. Asymmetric EOS side electron trajectory model

Creation of finite element mesh

Finite element mesh was created using tetrahedral finite
element SOLID123 [4]. Finite element mesh spacing was
determined for each zone individually in order to speed-up
calculations. Main reason for such choice was the lack of
computer resources (calculations were performed using
computer with 1.5GB of random access memory and
3.0GHz processor). Small mesh spacing is defined in
cylinders, which approximate presumable electron
trajectories. Spacing for zone it is selected according to
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Table 1 and created mesh is shown in Fig. 7. In other
regions of EOS model mesh spacing is defined as large as
possible (possible size is determined by ANSYS finite
element mesh generator). Mesh is not created in EOS
electrodes.

EOS construction has two symmetry planes (X0Z and
Y0Z), so electric field potential and strength is calculated
only for two cases — for central and for one side electron
trajectory traces. In first case, finite element mesh with
small spacing is created in cylinders, which approximate
presumable electron trajectories in the center of EOS (Fig.
4). In second case finite element mesh with small spacing
is created in cylinders, which approximate presumable
electron trajectory zones in one side of EOS (Fig. 5).
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Fig. 7. Finite element mesh (view from above)
KSR !
KK K ]
RS K] g ;
B T <] H
K 5 ]
é <2§ PK] :
K
5 §§> 53 i
5 % () 1 H
5 5: o

Fig. 8. Finite element mesh (view from above)

Completed finite element mesh is shown in Fig. 8. It is
composed of 0.8 million tetrahedral finite elements.
Completed mesh is saved to specific ANSYS “All 1 file
COMB file (Fig. 3).

Electric field calculation

Vacuum is a linear medium for electric field, i.e. if one
electrode potential is increased by n times, electric field,
created by this electrode, changes in the same way.
Considering this factor we can greatly speed-up calculation
of electric field if EOS construction is not modified and
only electrode potentials are changed. In this case, EOS
electrode partial electric field database is created. It is
created in such way: potential of one electrode is chosen
equal to 1V, while potentials of other electrodes are 0) and
these potential values are saved to specific ANSYS “All 1
file COMB” file (Fig. 3). Later 1V potential is assigned to
the second electrode, while potentials of other electrodes
are OV, and etc.



After performing electric field calculations results are
saved to text file (Fig. 3). Such information is included in
file: node numbers of finite element mesh, its coordinates
x, ¥, z, electric field potential and electric field strength
electrode E,, E,, E. values of each node. In this way seven
data files are created, which will be partial electric field
files for particular EOS, irrespective to electrode
potentials. These text files are transferred from
ANSYS/Emag program to MATLAB program, for
calculations of electron trajectories in electric or hybrid
field and for solving electron focusing problems.

Conclusions

In order to describe EOS construction, creation of
electrode and presumable electron trajectory library in
IGES format is advisable. After completing analysis of
finite element mesh creation it was concluded, that finite
element mesh spacing should be between 0.016mm and
1.225mm subject to presumable electron trajectory zone.

It was managed to reduce significantly calculation span
with the help of EOS electrode partial field database. After
performing electric field calculations with real potential

values and also with 0V and 1V potentials, it was
concluded, that calculation precision had not decreased.

Macro commands were written in order to assemble
construction model from separate electrodes and
presumable electron trajectories, to create finite element
mesh, to set potentials in electrodes, to calculate electric
field and to save results.
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Fig. 9. Distribution of potential in section y=0

The value of real field at any point is found while
multiplying partial electric field data by real voltage values
and summing influence of all electrodes. Real potential
distribution for side electron gun in horizontal (y=0)

sections, calculated in this way, is shown Fig. 9. Pateikta spaudai 2004 05 17

P. Tarvydas, V. Markevicius, A. Noreika, E. Padésaité. Elektroninés optinés sistemos sukuriamo elektrinio lauko modeliavimas
// Elektronika ir elektrotechnika. — Kaunas: Technologija, 2005. — Nr. 1(57). — P. 20-23.

Sukurta metodika elektroninei optinei sistemai modeliuoti baigtiniy elementy metodu. Sudarytos elektroninés optinés sistemos
elektrody ir tikeétiny elektrony trajektoriju zony bibliotekos. Atlikta baigtiniy elementy tinklelio sudarymo analiz¢ ir nustatytas baigtiniy
elementy tinklelio zingsnis tikétiny elektrony trajektoriju zonose. Sudarytas tetraedrinis baigtiniy elementy tinklelis. Apskaiciuoti
daliniai elektriniai laukai bei elektrinis laukas esant realiems elektrody potencialams. ParaSytos bendrojo konstrukcijos modelio
surinkimo, baigtiniy elementy tinklelio sudarymo, elektrinio lauko skai¢iavimo ir gauty rezultaty jraSymo | failus makrokomandos. Sie
failai véliau bus naudojami programoje MATLAB elektrony trajektorijoms skaiCiuoti ir elektrony fokusuotés klausimams spresti. I1. 9,
bibl. 4 (angly kalba; santraukos lietuviy, angly ir rusy k.).

P. Tarvydas, V. Markevicius, A. Noreika, E. Pacésaité. Modeling of Electric Field created by Electronic Optical System //
Electronics and Electrical Engineering- Kaunas: Technologija, 2005. — No. 1(57). — P. 20-23.

Created electronic optical system model is based on finite element method. Libraries of electronic optical system electrodes and
presumable electron trajectories were made. Analysis of finite element mesh creation was completed and finite element mesh spacing
was determined in the zones of presumable electron trajectories. Tetrahedral mesh was created. Partial electrical field calculations and
electrical field calculations with real potential values were performed. Macrocommands for overall electronic optical system
construction assembly from separate electrodes and for writing electrode potential and electric field strength values to files were created.
These files will be later used in MATLAB program for calculation of electron trajectories in electric field and for solving electron
focusing problems. Ill. 9, bibl. 4 (in English; summaries in Lithuanian, English and Russian).

I1. TapBuaac, B. Mapkssuuioc, A. Hopeiika, J. [1auecaiite. MoaenupoBaHue 3J1eKTPHYECKOr0 M0JIsl, CO3JaAHHOI0 J1eKTPOHHOI
ONTHYECKOIi cucTeMoii // DIeKTPOHHKA H JJIeKTPoTexHuKa. - Kaynac: Texnoaorus, 2005. — Ne 1(57). — C. 20-23.

IIpuMensist METO KOHEUHBIX JIEMEHTOB, CO3JaHa MOJEIb EKTPOHHOM onTHueckoi cucteMbl. Co3naHbl OMOIMOTEKU IEKTPOIOB
U BO3MOXHBIX O3JIEKTPOHHBIX TPAEKTOPHUH OJIEKTPOHHOW ONTHYECKOM CHCTEMBbl. BBINONHEH aHalIu3 CO3[aHHMs CETKH KOHEYHBIX
9JIEMEHTOB U OMpeEJeleH LIar CETKM KOHEUHBIX JJIEMEHTOB B 30HAaX C IPEIBUACHHBIMU TPAeKTOPHAMH 31eKTpoHOB. Co3naHa
TeTpa’paibHasl CeTKa. BBIMONHEHbI pacyeTbl YacTHBIX 3JIEKTPUYECKUX IMOJNCH M IIIEKTPUUECKOro MOJIS MPH 3aJaHHBIX PEasbHBIX
noTeHuanax. Hamrcansl MaKpOKOMAaHIBI JUIS CO3/IaHMS MOJICITH JICKTPOHHON ONTHYECKON CHCTEMBI M3 OTAEIBHBIX KOMIIOHEHTOB, IS
COXpaHEHMs 3HAYCHUH MOTEHINAIA U CHIIBI DJIEKTPHUYECKOTO OIS DIEKTPOROB Ha (aitnbl. Dtu (aiiisl OyayT Mo3ke UCHONIb30BATHCS B
nporpamme MATLAB st pacdera TpaeKTOpUil 3JEKTPOHOB B IEKTPHUUECKOM I10JI€ U JUI PEeLIeHUs BOIpocoB (okycupoBanus. Ui 9,
6161 4 (Ha aHTTTHICKOM sI3bIKe; pedepaThl Ha TUTOBCKOM, aHTJIMICKOM M PYCCKOM $3.).
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