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Abstract

The theoretical computer research completed to depict a combination enhancement strategy of even attractive focal
points with the guide of numerical examination techniques, where a specific scientific form for the axial scalar
potential was proposed to be a target task. This feature has an optimization parameter which is the pole piece radius
(R) that its influence on the asymptote properties was investigated. Using the simulation in Matlab, the electron beam
trajectory was specified and magnetic lens pole piece shape has been reconstructed. Results have clearly shown that
this lens can be reconstructed with projector focal properties. Moreover, the outcomes clearly show that there is a
great capacity for delivering a regular attractive field for the bending free twofold pole piece projector focal points to

be utilized later in the electron microscope.
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Introduction

The origin charge particle optics (electro-optics)
dates back to the 1st quarter of the 20th century,
when it was discovered that magnetic fields and
electric fields could be used as lenses for electron
imaging. Therefore, it can be said that the electronic
branch is a branch of physics that addresses the
issues related to the motion of charged particles in
terms of accelerating, repelling, forming and
focusing the flow of charged particles and creating
images using a beam. of electrons and ions and
investigate the physical and optical properties of
electrons. influenced by electric and magnetic fields
[1]. However, the introduction of electricity can be
traced back to 1926 when H. Busch indicated that
the activity of a short attractive pivotal equivalent
field on electron beams was as with a glass fire on
the light bulbs. At that time, in 1931 and 1932,
Davidson and Calbrick, Bruch and Johannson
realized that this was also valid for pivotally
symmetrical electric fields. [2] Following these

inventions, the evolution of electronics evolved
rapidly, and was greatly aided by its use in electron
microscope and radio waves. Known classic
applications of electronic optics include cathode
ray tubes, electron microscope transmission and
scanning, electron spectrometers, microphone
generation and amplifier tubes. The latest
applications are electronic and ionic microprobes
and ionic installations [3]. The primary focus of
charge molecular optics is the control of beam
troops, each starting from a typical point
Important aggregate properties for optical
components are, for example, the centering of
homocentric groups of rays to form an image and
the handling of particles in gift media or in multiple
primers. [4]. The principle idea of the electron
optics has been based on two major revelations
made in 1925 by de Broglie and in 1927 by Busch.
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De Broglie proposed on the ground of hypothetical
contemplations that one must credit a wave to each
moving molecule. At about a similar time, Busch
found that the attractive field of a solenoid follows
up on electrons in the very same manner as a glass
focal point on the light beams [4]. The field of
electron optics is the oldest branches of beam
physics, which is the direct descendant of light
optics. Recently, it is also one of the most active
branches due to the advancement of aberrations
correction in electron microscopes [5]. With the
late advances in nanotechnology, various pieces of
estimation and examination equipment have
become important for the estimation of nanoscale
objects. Effective research in nanotechnology is
based on superior self-esteem or research
hardware; in this way, scanning electron
microscope (SEM) is an important tool that is used
to view surfaces and dissect parts of nanoscale
material [6]. Thus, it is possible to refer to several
attempts to free or at least reduce the distortion of
fire by combining with the conjunction technique,
see e.g.

Mathematical Structure
Magnetic Scalar Potential Determination

Essential task was found the magnetic lens
polepiece profile is scalar potential. At current
deals of investigation with synthesis procedure,
according to this procedure, the axial magnetically
scalar potential distribution V (z), with an optical
axis of the magnetic lens has been represented by
formula:

Viz) =é|:(V_{ +Vo )+(V; —Vf)fanh[j"jjz]:| 0
1

Where Vi and V; are the potentials of the axial
interval terminal where Bz approximately constant,
Vi=Vs, V2=V¢ and R represents the polepiece
radius.

Calculation of Magnetic Field Distribution

The axial magnetic field distribution along the lens
area can be determined by differential equation
and shift it as follows reduced Maxwell’s equation

(B dv, ). Whereupon, equation (1) becomes

z- Mar dz

as

B.(z)=p, [—V2 ! J[E}ec}iz { 1.322]
2 R R )

Where 1, is the magnetic permeability in vacuum

(41 x10-7 Hm-1).

It is easy then to use equation (2) to assign the IMF
distribution B;(z) along the optical axis zs< z< zy.
Once the MF will be determined. It should be
mentioned that the field in equation (2) represents
a field of projector lens in the electro-microscope.
The second derivative of the potential distribution
with respect to the axial coordinate z is given by

V”(Z) _ (V2 _V )[1 32) ta nh(llgRZZjSEC (1 322] (3)
Properties Evaluation
The charged particle trajectory inside a

rotationally-symmetric attractive field may be
constrained by paraxial beam condition which is
2nd - order, homogenous, straight, customary
differential condition given by: [10]

r' +iBf(z)r =0

o (4)

Here 1 equals the mass to the charge of an electron,
and V. can be define by corrected relativistic ally
accelerated voltage which is given by: [11]

V=Val1+elVy2mcd)=Vo(1+0.978x10°F,) (5)
V. can be described as the applied quickening
voltage. Condition (7) my be unraveled scientific
ally as indicated by the idea of the examination to
acquire the electron shaft direction including the
electro-optical gadgets. Nonetheless, the present
work the paraxial beam condition has been
unraveled numerically utilizing the forward
request Runge-Kutta technique.
It is notable that the winding Ds and the outspread
D, twisting coefficients are the best factors that
point of confinement to the goals of the projector
focal points. Along these lines, the two bends have
been considered in the present examination
utilizing the accompanying integrals [1]-[12].

_|_mn 3152 o2 3 6
Dy _[128Vr]zj {[Vr B7 + 8B7 ]rary —4BZ (ry faly +1y ra [ }dz ( )

z, 3 32 1 1/2
Ds= | —[iJ r2B3 + (”j 2B, [dz (7)
2| 128V 16 | Vy
Where ro and ry, are two straightly free

arrangements of the paraxial beam condition and
the points of confinement of reconciliation are two
workstation facilitates z; and z, of the pivotal
attractive field. It is imperative to examine the
scalar attractive potential V as per the connection.

B,(2) = —po9radV (8)
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Pole piece Profile

By utilizing the scientific arrangement of Laplace's
condition, the state of the pole piece that would
create the ideal area of study can be resolved. For
pivotally symmetric frameworks the electro-static
or attractive scalar potential V (Rp, z) can be
determined from the hub appropriation of a similar
potential V(z) by the accompanying arrangement
extension [13].

& (1) (Ry ) d2v()
V(Rp,z)—é(k! )2( ) J o
Where R, is the radial height of the equi-potential
surface. The model that has been introduced for the
1st time by [10] for electro-static lenses has been
used to determine the pole piece profile. By taking
the first two conditions of the problem (9) under
respect, the equi-potential field (i.e. the pole piece)
are given by the formula [5] - [13].
1

(9)

V(z)-Vp |?
Rp(2)= Z{T(Z)} (10)

Where Vp: Potential value in the surface of the pole
piece, which corresponds to half the excitation of
the NI lens in the case of a symmetrical lens at the
field connections, and Vz "is the second derivative
of the scalar magnetic potential with respect to the
z coordinate.

In newly study, problem (10) has been utilized to
the two equal parts of the symmetric empirical.

Results and Discussion

The optimum distribution of Mag-scalar potential
and the axial Mag-field are the resultant of the
highly effects of many optimization parameters.
And that’s why this research represented to explain
the impact of bore radius ( R ) the important
optimizing variable in equation ( 1 ), which effects
the field distribution and the magnetic scalar
potential, as well as, it's effect of the projector focal
properties of the double symmetrical polepiece
magnetic lenses. Fig.(1) shows the pivotal flux
density ( Bz) for different values of the cavity
radius (R ), Five values of ( R) are selected (1,2,3,4
and 5 mm). The value of the cavity radius decreases
would lead to confined field distribution in a very
narrow axial, While the other optimization
parameters; V1= -250 (A.t) and V,=250 (A.t) are
kept fixed.

According to Ampere's circuital law and the
potential at the workstation of the lens (i.e. at the

object and image sides) the excitation of the
lens{ NI=V,—V, =~ [*B_dz ), It's famed that the
“ M, Y2y ©

Mag-potential distribution line plotted in Fig. (2) is
affected by changing R values, at fixed Vi, V2 can
see that the distribution of the potential function
V(z) is symmetrical about the mid-plane (z=0), so
the potential gradient grow with growing of R. [6].
According, the half breadth (w) of the field
distribution grows with increasing the cavity radius
of the lens, while the maximum value of the field
distribution decreases with increasing(R).as shown
in fig (3).
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Figure 1. The axial magnetic field distribution Ez{Z} for many values
of R.
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Figure 2. Distribution of the axial magnetic scalar potential ¥ {z} for
many values of R
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Figure 3. B 0. W.and NI Variation with the bore radius R.

The valves of the main physical lens parameters W,
Bmax, and NI are shown in table (1) for the chosen R

elSSN 1303-5150

www.neuroquantology.com



NeuroQuantology | February 2020 | Volume 18 | Issue 2 | Page 95-100 | doi: 10.14704/ng.2020.18.2.NQ20132
Saadi R. Abbas, Predicting of Asymptotic properties of Magnetic Lens Using Analytical Potential Function

values.

Table 1. Parameters of Lens design at different values with polepiece
radius R at V2=-V1=-250(A.t) and L=40mm.

R(mm) Bua(T) Wmm) NI(A.D)
1 04147 13354 500
2 02073 2.6708 500
3 0.1382  4.0063 500
4 0.1037 53417 500
5 0.0829 66771 500

The Mag-pole pieces which generate a distribution
of desired subject may be redrawn by aid of eq.
(10), fig. (4) shows the reconstructed pole piece
shape of “magnetic lenses” for various price of the
cavity radius R at fixed V1 ,V>.

T T T T
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—R=3mm
—__Rs4mm

| |——Resm |

Rp(mm)
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2 i f [ 2 14 5 [ 2
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Figure 4. The upper half reconstructed Mag-pole pieces shapes for
many values of the pole piece radius R.

Fig. (5) show various values of R parameter, can be
note the (Fp) variegates with NI/V,1/2 for magnetic
lens field distribution as shown in fig.(1). It can
note localization of the (Fp) projector focal length
at the air gap region when the values of (Fp)
decreases, i.e. the R values will decreases when the
lens magnification of the image increases, as shown
in fig.(6).

Despite that, excitation parameters at which the
[fp]mm obtained are different for all (R) values
which it's slightly increases with the increases of
(R) parameter, as shown in table (2). [14].

[ | T T T
| |\ —__R=1mm |

w | \ | R=2mm | -
| —__R=3mm I

| _ Redmm I
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NI/sqrt(Vr)

Figure 5. The projector focal length angst excitation parameter for
different values of the polepiece radius R.
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Figure 6. Divergence of the minimum projector focal length {f; }rr[r'

with half width for different values of R.

Fig. (7) represents the relationship between the
radial distortion coefficient (Dr) and excitation
parameter NI/V 1/2. It is seen that for each curve of
the radial distortion coefficient has constant value
at minimum excitation parameter and increases tell
reaches maximum value, then decreases until
reaches zero approximately at excitation parameter
NI/V,1/2215 and continue toward negative value
with the increase of the excitation parameter. One
can see that from the figure, when the bore radius R
of the field increases the radial distortion
coefficient (D has small values. (see table 2). This
means that the field distributions of small bore
radius R have large values of the radial distortions
[6].

It should be that the magnetic lenses of the
projector in the present work do not exhibit radial
distortion in the excitation parameter in which the
minimum focal distance of the projector occurs for
all R values. This means that these lenses do not
have of radial distortion in the excitation parameter
in which the maximum magnification is produced.

T T T T T T T T T T
—_R=1lmm

—R=2mm
—R=3mm
— R=4mm
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Figure 7. The radial distortion coefficient Iy as a task of excitation

parameter NI/ ﬂ.l" : for different price of R.
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Table 2. The projector properties and the half width W (mm) for
different values of bore radius.

R (o) NI/V:1/2at Drat Ds at w(mm)
(mm) PP (Ep) min NI/V.1/2 NI/V.1/2

1 0.7577 | 14.3 0.2738 2.001 13354
2 1.515 14.3 0.06846 0.5002 2.6708
3 2.273 14.3 0.03043 0.2223 4.0063
4 3.031 14.3 0.01708 0.1252 5.3417
5 3.788 | 14.3 0.0108 0.08059 6.6771

Fig. (8) shows the magnetic field distribution of the
lens defined at: a) R= 1mm, V1= -250A.t, V2=
250A.t and b)R= 5mm, V1= -250A.t, V2= 250At,
with the trajectories of the electron beam through
the identical for the range of the excitation
parameter (1-25) under a zero magnification mode.
As Fig. (8a) proves that the electron beam
trajectory passes through a narrow field, it is more
refract. On the other side the electron beams that
passes through a whole field, suffers less refraction,
as shown in fig. (8b). Also, we can note that when
the electron beam enters the effect region of the
field distribution, it begins to be refracted and
deflected. However, the electron beams with small
excitation parameter i.e. high voltage acceleration
have low focusing power and via versa, and that
can be explained due to the rivet power of the
electron beam is inversely comparable to the
kinetic energy of the beam.

Electron Beam Trajeciory on the Excitation Parameter range[1:0.2:25] and LensField at R=1mm V1=-250A,V2=250A-t

Electron Boam Trajectonies and Loens Ficld*10-1

z(mm)
Figure 8a. Electron beam trajectory under of zero magnification mode
on the excitation parameter range [1:0.2:25] and lens field at, R=1mm,

V, = —250 At,and V, = 250 A,

Electron Beam Trajectory on the Excitafion Parameter range]1:0.2.25] and Lens Field at R=6mm,V1=-250A-t V2=250A-

Electron Beam Trajectories and Lens Field*10-1

z(rﬁm)
Figure 8b: Electron beam trajectory under of zero magnification mode
on the excitation parameter range [1:0.2:25] and lens field at, R=5mm,

Vy, = —250 At and V; = 230 At

Fig. (9) represents the variation of the spiral
distortion factor (Ds) with the excitation parameter
NI/V.1/2, It is seen that the values of spiral
distortion coefficient (Ds) increase rapidly at small
values of the cavity radius R, with the increase of
the excitation parameter. It should be notes that
for the large values of the bore radius R, of the field
distribution the magnetic projector lens has small
distortion. (see table 2). This behavior can be
explained as the bore radius R, increases the bore
radius and, the air gap region of the reconstructed
projector magnetic lenses are increasing.

T T T T T T T T T
— R=1mm

—R=2mm
—__R=3mm

—__R=4mm
R=5mm

Ds(1/mm)
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Figure 9. The spiral distortion coefficient excitation parameter for
many values of the polepiece radius R.

Fig. (10) explain how the excitation parameter at
(fp)min occur, when the values of the radial (Dr)
and spiral (Ds) distortion factor for different
values of R. Despite that we can note that the
projector lenses occurred for the different(R)
values have large values of the spiral distortion
(Ds) compared with those of radial distortion (Dr).
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Figure 10. Variation of the radial D, and spiral I distortion
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Conclusion

The mathematical model of the scalar potential in
the present work was used for the first time, and
demonstrated as an excellent tool in the electron
and ion optics by the synthesis procedure, where
the projector focal properties of this model for
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double polepiece magnetic lenses would be
investigated in details. In addition, this
methodology can be effectively considered in future
work to advancing the subsequent attractive focal
points.
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