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Abstract
The present work have has been focused on suggesting a mathematical form of an axial potential
distribution for an ion mirror. The equation that has been found gave us the best value of the mirror
function. The Bimurzaev techniques had been investigated to find mirror trajectory using RungeKutta method. The profiles of the mirror that had been applied under Bimurzaev techniques lead us
to conclude that the mirror has two electrodes. The coefficients of spherical and chromatic
aberrations of the mirror have been computed and normalized in terms of the focal length. The
choice of the mirror depends on the operational requirements, i.e. whether it is intended operate the
electrostatic mirror in an optical system at low spherical aberration mode or at low chromatic
aberration mode. [DOI: 10.22401/JUNS.20.4.07]
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Ion mirrors are difficult to optimize and
expensive to construct and Maintenance. In
addition, the conventional design has two or
more regions with different intensities of
electric field. Electrode shapes could include
(cylindrical and rectangular shapes) could also
be used to fabricate effective ion mirror [7].
The field inside an electrostatic ion mirror is
curved along the axis and according to the
Laplace equation it also has a curvature in a
radial (or transverse) direction [8]. For large
distance involved between ion source and the
entrance of the ion mirror it is important to
position a set of weakly focusing ion optical
lenses in the field free region that controlled
the divergence of the beam [9]. There are
many applications of electrostatic ion mirror
such as TOFMS (Time-Of-Flight-MassSpectrometer) that is the most convenient way
to analyze the ions mass distribution produced
from ion source, and correct both spatial and
the resulting energy spread of the ions
originated from the source. This correcting
helps to improve the resolution of image [10,
11]. For high spatial resolution and good
image quality required of spectrometer system,
the electrostatic ion mirrors becomes a critical
part [4]. The simulation of an ion mirror gives
good idea about the necessary potential
distribution to solve our problem [12].

Introduction
The idea of using an electron mirrors to
correct the chromatic and spherical aberration
of a axisymmetric lenses dates back more than
half of century. It was found that an
electrostatic mirror could correct the spherical
and chromatic aberrations of the accelerating
field of an immersion objective lens [1].
Unlike the usual optical light mirrors, where
the reflection occurs at the physical surface,
the ion or electron mirrors represents a “soft”
mirror, which allows the charge particles to
penetrate into nonhomogeneous reflecting
medium formed by the electrostatic potential
[2]. The resolution and sensitivity of the
electron microscope with the mirror objective
lens free of axial spherical and chromatic
aberrations are higher than those of usual
microscopes using electron lenses [3]. One can
define the electrostatic mirror as a space-filling
electrostatic field shaped by the surrounding
electrodes [4]. There are several difficulties
associated with the use of the mirror, including
that of providing a physical separation
between the entering and emerging chare
particles beams [5].
Electrostatic mirror are made in various
geometries according to their function in an
electron optical instrument. They can be made
in the form of two or three concentric
cylindrical electrodes at different potentials for
reducing aberration [6].
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Trajectory equations of electrostatic mirror
and spherical and chromatic aberrations
coefficients
In the present research the Bimurzaev
techniques have been used and modified for
solving electrostatic mirror trajectory by using
the paraxial ray equation of charge particle
moving in an electric field. This trajectory
equation have been applied twice, at the first
time we applied zero magnification condition
when the ay P (z) represent the incident charge
particle on the electrostatic mirror in equation
(1) and at second time we applied the infinite
magnification condition when the ray G (z)
represent the reflected charge particle from the
electrostatic mirror in equation (2). By
applying this technique we got a complete
trajectory of charged particles in an
electrostatic mirror system.

G(∞)=0
Gʹ(∞)=1
condition

infinite magnification

d 2G U  dG U 


G  0 .......................... (2)
dz 2 2U dz 4U

Here, Pʹ=
and Gʹ=
are the first
derivatives of radial displacement of incident
and reflected paraxial ray from the
electrostatic mirror respectively, z represent
the optical axis, and U(z) is the axial potential
distribution.
The spherical and chromatic aberrations
coefficients can be calculated by using the
following formula:

P(1) =1 P’(1)=0 zero magnification condition
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second derivatives of the potential. U(z) are
the axial potential distribution suggested.

Where,
and
are the coefficients
of spherical and chromatic aberrations
respectively, R is the radial displacement of
the beam in the electrostatic mirror system.
The integration given in the above equations
are executed by Simpson’s rule.
Results and Discussion:
The suggested axial potential for the
electrostatic ion mirror are given in equation
(3) represents the suggested axial potential
model that has been modified to achieve an
electrostatic mirror with accelerating mode
and eliminated spherical and chromatic
aberrations.

Fig.(1): The axial potential distribution U (z),
first and second derivatives U’(z) and U’’(z)
as a function to the length of electrostatic
mirror when a = 150, b = 15, c= 2.7, and
mirror length L= 14 mm.

z
z
U ( z )  a * tanh   b * cosh  ................ (3)
c
c

Where, a, b and c are the parameters where
a, b in volt and c in millimeter. From the
Fig.(1) we can see the axial potential
distribution at the mirror length with first and
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Fig.(2) show the ion beam paths along the
electrostatic mirror field at different values of
parameter b where the most favorable values
of the mirror is deduced having the following
parameters a=150 volt, b=15 volt and c=2.7
mm at the mirror length L=14 mm.

Fig.(4): Show the changeability between
C / f and C / f as a function of relative
s

R

c

R

electrostatic mirror length L / f for different
values of b at a=150 volt, L=14 mm, and
c=2.7 mm.
R

It is noted from Fig.(3) that the increasing
values of the parameter a causes an increases
in both of Cc / f , L / f and decreases of the

Fig.(2): The ion beam trajectory for the
electrostatic mirror under various values of b
when a=150 volt, c=2.7 mm, and mirror
length L=14 mm.

R

From the calculation we deduced that the
increasing values of b directly proportional
with electrostatic mirror focal length but the
increases value of parameter a cause to
decrease the electrostatic mirror focal length.
Figs. (3) and (4) show the changeability
of spherical and chromatic aberrations
coefficients normalized to the mirror focal
length and both taken as a function of the
mirror length normalized to the mirror focal
length L/f at different values of parameters a
and b.

R

while the values of Cc / f and L / f are
R
R
decreasing.
Fig.(5) show the profile of the ion mirror
electrodes as a function of optical axis
normalized to the mirror length at most
favorable parameters where a=150 volt, b=15
volt and c=2.7 mm at mirror length L=14 mm.
The distance between two electrodes is
0.03 z/L.

Fig.(3): Show the changeability between
C / f and Cc / f as a function of relative
s

R

R

Cs / f R with the keeping b=15 volt for different
mirror lengths with specific constant c. From
Fig.(4) we can see that the increasing values of
b causes to increase the values of C s / f

Fig.(5): The electrodes profile of an
electrostatic mirror when the parameters
a=150 volt, b=15 volt and c=2.7 mm at mirror
length L=14 mm.

R

electrostatic mirror length L / f at b = 15
R
volt, L = 14 mm, and c = 2.7 mm.
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Conclusion
The concepts that had been suggested in
this research with regard to the mathematical
expressions for the axial potential and the ion
beam to calculate the aberrations for ion
mirror are successful and gave rise to excellent
result from the ion-optical point of view. We
can see from our results that the spherical
aberration coefficient (Cs) increasing when the
parameter (b) is decreasing. The Chromatic
aberration coefficient (Cc) decreases as the
parameter (b) decrease. And the spherical
aberration coefficient (Cs) decreases as the
parameter (a) increase. The Chromatic
aberration coefficient (Cc) increases as the
parameter (a) increase. The negative values of
the aberration coefficient give rise to the
possibility of using these devices to eliminate
the aberration. Two electrodes of electrostatic
ion mirror has been achieved which can be
useful for application in studying a specimen
surface.
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