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Abstract: The present work has been concerted on the simulation of focusing electron beam by finding the optimum design of an
electrostatic uni potential lens with optimum low values of spherical and chromatic aberration coefficient. Computational theoretical
investigation has chivied in the field of non-relativistic charged particles optics with the aid of the personal computer and numerical
method under the absence of space - charge, the potential field distribution of un potential lens have been represented by using some of
analysis functions, the paraxial ray equation have been solved for proposed fields to determine the trajectory of the electron beams in the
lens. The spherical and chromatic aberration coefficients computed from the axial potential distribution and its first and second
derivative the electrodes shape of the low aberration un potential lens has been determined in two and three dimension, its benefited
from the optimum design for the three electrode un potential lens have a low a aberration values so it is possible to use this lens in

making an optical system which can be used in focusing of charge particles.

1. Introduction

Electron and ion optics is the theory and practices of
production, control, and utilization of charged-particle
beams can only be controlled (accelerated, focused )

Different symmetries may be utilized for electron such as
lenses, deflector, accelerator,....etc .[1].

Aberration can be defined as, if an electron path leaving an
object points a finite distance from the axis with particular
direction and electron velocity intersects the Gaussian
image plane at a point displaced from the Gaussian image
point, this displacement is defined as the aberration[2]. The
aberration can arise for a number of reasons. However, the
two most aberrations of electron-optical systems are
spherical and chromatic aberration.

The present work been mainly concentrated on the design
of the three electrode type electrostatic electron lenses,
trajectory of electron beam through an axially symmetric
electrostatic lens ,Progress in the calculation of electron
optical properties in recent years have been reviewed by
uni potential lenses have three electrodes , the distinctive
feature of lenses is that they have the same constant
potential V; at both the object and the image side ,the
central electrode is at different potential V, therefore they
are used when only focusing is required but the beam
energy must be retained

The electrostatic lenses may be classified according to the
number of their electrodes, in classical texts of electron
optics electrostatics lenses were classifiable into groups
according to the relationships between their electrode , the
trajectory of electron beam through an axially electrostatic
lens [3], progress in the calculation of electron optical
properties in recent years have reviewed by [4] and [5] the
electrode shape of the electrostatic lens determined from
the solution of Laplace equation and the results showed low
values of spherical aberration and chromatic aberration,
which are considered good design[6].

2. Theory Il

The present computational investigation is aimed to design
electrostatic lens using analytic expression that would
describe the axial potential distribution of lens with
electron optically acceptable aberrations. The following
expression is suggested to represent the potential
distribution along the optical axis of lens[7]:

V(z) =VI[1+ Dexp(+z")] -—-—-———(1)
Where V1 is the voltage applied on the outer electrodes, D
is a constant affecting the value of voltage applied on the
central electrodes. The paraxial-ray equation in rotationally
symmetric field is given by(2) [8].

V
r'(2)+r'(2)—= (] +7(z) =0-—(2)
27 (z) 4 (z)
where r is the radial displacement of the beam from the
optical axis z, and the primes denoted a derivate with
respect to z.
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The spherical aberration is one of the most important
geometrical aberrations and can be defined as follows: the
beam passing within the lens area at a considerable distance
from the axis are more refracted than the paraxial beams so
that they intersect closer to the image plane, the spherical
and chromatic aberrations are dominant in an electrostatic
lens [9].

The spherical and chromatic aberration coefficients are
denoted by Cs and Cc respectively, the spherical aberration
coefficient Cso and the chromatic aberration coefficient
Cco referred to the object plane, and we can compute from
the standard formulae [10].

’“2(2 )J v'@)Y) s (v ISR V(Z)
dvz)) Talve) V(2)

re)

M

;-'(:);--‘(:)_ P V@ dz---(3)

"'\—————F'

h.:IL..J

Volume 7 Issue 1, January 2018

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 27121703

DOI: 10.21275/27121703 1267


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2015): 6.391

iz d vz
o = r'2 I[E I/’E:)j rey(z)
V"(Z) 2 gr-V2e ng
+T|:_-—:|F }/ (_jd_ (4)

In the image space , the spherical aberration coefficient Csi
and chromatic aberration coefficient Cci is expressed in a
similar form of equations (3) and (4) the integration was
performed using Simpson rule[11].

3. Results and Discussed

Figure (1) show the axial field distribution of lens that
central electrode is higher voltage whose the two outside
electrode. Figure (2) show the trajectory of charged
particles of the electrode unipotential lens under infinite
magnification condition, Figure (3), (4) shows the relative
spherical and chromatic aberration as function of the
voltage ratio(V1/V2), this figure indicates that the relative
aberration coefficients the spherical aberration coefficient
is increased, and the chromatic aberration is decreased with
increasing the voltage ratio, the axial field distribution V(z)
given in equation (1) for lens Figure (5) shows The
electrode shape of the three — electrode unipotential lens. .

Table 1: Shows the best optical properties the electrostatic
lens

Vi/Vo Cslf Cclf

10 0.001 0.2

15 0.01 0.15
20 0.08 0.13
25 0.2 0.12
30 1.43 0.122

4. Conclusion

1) It is well know that the spherical aberration coefficient
is increased, and the chromatic aberration is decreased
with increasing the voltage ratio Vi/Vo.

2) It appears from the present investigation that it is
possible to design of electrostatic lens with small
aberrations operated under different potential ratios.

3) It appears that the proposed analytic function of the
axial potential field for a lens offers considerable
advantage with regard to the relative spherical
aberration coefficient.
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Figure 1: The axial potential distribution V and its first and second derivatives
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Figure 2: Represent the relation between trajectory of the three electrode unipotential lens and Z spacing under infinite
magnification condition
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Figure 3: The relative chromatic aberration coefficient Cci/fi as function of Vi/Vo
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Figure 4: The relative spherical aberration coefficient Csi/fi as function of Vi/Vo

Volume 7 Issue 1, January 2018

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 27121703 DOI: 10.21275/27121703 1269


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064

Index Copernicus Value (2016): 79.57 | Impact Factor (2015): 6.391

]:i ] 210 v
13 1
192 Rin=0.1L Rin=0.1L1 Rin=0.1L
11 ] Rout=08BL  paut=1L Rout=1.3L Rin=0.11L
1 ] Rout=0.81L
09 1 20v
= gg : 20v
0.6 _
05 - Gap=1.8 Gap=3.8
0.4 7
0.3
0.2
0.1 7
0 2 4 G 10
ZfL

Figure 5: The electrode shape of the three- electrode unipotential lens
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