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All electron-optical systems employ electron lenses, which are the most widely used and important
part of the electron microscope. The electromagnetic lens, sometimes called the magnetic lens, the
permanent magnet lens, and the electrostatic or electric lens are the three primary variants of this
lens. The latter kind is employed more frequently in commerce than the former varieties due to its
simple and exact function, ease of fabrication, and inexpensive cost. However, the electron lens
has a number of "aberrations"” that reduce its effectiveness. These aberrations arise from the fact
that the lens system is unable to focus a charged particle beam from a single point in the object
plane onto a single point in the Gaussian image plane. The image will consequently appear warped
or fuzzy. The effectiveness of charge particle optical systems is consequently decreased by these
flaws. Numerous solutions to the issue, including the so-called optimization, have been developed
in response to the challenge of developing an aberration-free lens system.Two extremely distinct
optimization strategies are ANALYSIS and SYNTHESIS. 2The latter involves the creation of a
tool to satisfy a set of performance requirements [1]. In the first, the designer begins by calculating
the lens' optical properties. The physical and geometrical features of the suggested design must be
altered if the results are unsatisfactory from an electron-optics perspective. Until the desired results
are attained, the process is repeated. As a result, a lot of this process is trial and error. The practice
of optimization through analysis has gained popularity since the middle of the previous century.
The effects of pole piece saturation on the focal characteristics of the objective lens [4] and the
effects of the axial magnetic field distribution on the asymmetrical objective lens with high voltage
electron microscopy [5,6] are two analysis-related concepts that have since been adopted. The goal
of the current experiment is to develop and study an asymmetrical magnetic lens by altering
important geometrical parameters, which is being done via the EOD software [15].

2. Analysis using finite elements and EOD software

Lencova [15] created the EOD program, which enables users to create complex electron lens
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structures and do very precise computations of their magnetic field distribution and optical
characteristics. In this application, regardless of the geometry of their pole components, all
magnetic lenses are investigated using the finite element method (FEM), a computer technique.
The first presentation of it in the area of electron optics was made by Munro [14]. This makes it
possible to calculate the magnetic fields of spherical and electrostatic lenses two different types of
lenses with many uses in physics and engineering exactly.

3. Lens design

Figure 1 illustrates the dimensions and grid-lines distribution (mesh) of the lens that were
established using FEM in order for the EOD [15] program to compute the axial magnetic-field
distribution of the lens and its related objective characteristics. Two soft iron magnetic pole
elements, each with a D=6 mm diameter, make up the lens. These components are housed inside
a circular coil with a cross-sectional area of 0.741mm2. The "action region,"” which has a thickness
of S=6mm, is where most of the magnetic flux is concentrated. To prevent magnetic field leakage
outside the lens, a soft iron circuit surrounds the coil and the magnetic polepieces.
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Fig 1: asymmetrical magnetic lens components in the upper half.
In Figure 2, the asymmetrical magnetic lens' geometrical arrangement and magnetic flux line
dispersion are depicted. Knowing N, the total number of turns in the energizing coil carrying a
current I, is necessary to calculate the axial flux density for constant lens excitation (N1=3000 A.t).
0.741 A/mm2 is the current density.
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Fig: 2 With magnetic flux line distribution, the proposed asymmetric lens's upper half is

geometrically designed..
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Fig. 3 shows a three-dimensional portion of the lens for better presentation.

4. Evaluation of properties

The spherical and chromatic aberration coefficients are usually acknowledged as the main factors
limiting an objective lens's resolution. The chromatic Cc and spherical Cs aberration coefficients
for the current experiment were determined using [14].

- n Zz E 4 4 Rl S 8 _ ) i)
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The axial positions at which the magnetic field vanishes, n are z; and z», is the electron charge-to-
mass ratio, and V. is the relativity-adjusted accelerating voltage. The first and second derivatives
of the axial magnetic flux density distribution are denoted by the abbreviations by B'z ,B'z,
respectively, and the paraxial-ray equation (5)'s solution is denoted by r, .

The paraxial ray equation is used to determine Bz(z), which must be calculated in order to
determine Cs, Cc, Dy, and Ds, respectively.

r(z) + Blw +Bir(z)=0 (5)

Used It should be emphasized that during the course of the current inquiry, the derivatives and
integrals were analyzed using Simpson's rule and the cubic spline differentiation method.
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5. Results and discussion
5.1. The axial bore D

Since D has a significant impact on the magnetic field's strength, its impact on the optical
properties is first examined. While maintaining the air gap constant at S=6 mm, four different
values of D, ranging from 2 to 8 mm, have been used (see Table 1). Geometric patterns and B(z)
designs for various values of D are displayed in Figs. 4 and 5, respectively. Although the half-
width W of Bz (z) rises, the maximum magnetic field Bmax appears to decrease as D increases..
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Fig. 4: The Bz (Z) magnetic field distribution for various D values.
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Fig. 5 Designs of the Upper Half of the Lens in Different D Values.
The objective optical characteristics are measured at NI/Vr =8, which is the typical operating point
for objective lenses [20].
The focal length fo, Cs, and Cc are observed to noticeably deteriorate as D is raised by changing
the axial bores of the pole piece, as shown in Table 1.
Table 1: Comparing the Deduced Imaging Fields' Objective Optical Properties to the Parameter
D at NINVR=§
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D(mm) Cc(mm) Cs(mm) Fo(mm)
2 3.6252.549 | 3.5212.670 2.177
4 2.271 1.877 3.090
6 2.036 1.338 4.234
8 5.466

The projector optical properties, on the other hand, are listed in Table 2 for the projector focal

length (fr)min minimum value, and Dy and Ds rapidly improve as D increases.

Table2: Projector Optical Properties Against the Parameter D for the Deduced Imaging Fields at

the Lowest Value of Fp

D(mm) (fe)min Dr (1/mm?) Ds(1/mm?)
2 2.755 0.0080 0.081
4 45321 0.0074 0.060
6 6.232 0.0050 0.040
8 7.582 0.0031 0.018
5.2. Airgap S

At constant D = 6 mm, Tables 3 and 4 illustrate how S affects the objective and projector
properties, respectively. It is obvious that an alteration in S has a major impact on the imaging
field's characteristics. The bigger action zone in Figure 6 and the ensuing lens power loss can be
utilized to explain this phenomena. While the smallest D and S values produce the best (lowest)
values of the objective focal characteristics, the largest D and S values produce the best projector
features.
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Fig. 6 Bz Magnetic Field Distribution at Different S Values
Table 3 Optical Characteristics for the Deduced Imaging Fields in the Objective at NI/VR=8

against the S
S(mm) (fp)min (mm) Dr (1/mm2) Ds (1/mm?2)
2 2.6408 0.040 0.098
4 3.5819 0.006 0.055
6 5.5940 0.004 0.031
8 7.6504 0.003 0.019

Fig.7 magnetic flux patterns at various S values serve as an illustration of the geometrical layouts
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for the proposed lens. At the smallest value of S=6 mm, this graph shows the increase in magnetic
flux density.
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Fig. 7 Geometric Design of the Upper Half of the Lens for Different S Values.

6. Conclusion

The air gap and each of the pole components' axial bores contribute significantly to the best design
of the asymmetrical magnetic lens, according to the findings of the current study. There is a
significant difference between each of their effects, and the air gap clearly shows the greater one.
While D and S were reduced, the objective focal properties improved significantly, though at a
slower rate than the projector properties. In light of this, the EOD program can be regarded as a
useful tool for obtaining the best asymmetrical magnetic lenses with great accuracy.
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