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Abstract

Computer Aided Designing Tools of Electron Lenses (CADTEL) is a software
packages cares about design, compute and plot simultaneously of the objective and
projector properties of electron magnetic lenses. The developments in CADTEL
software leads to contain a large fields and methods, adding to previous publish in
2013. The current improvement is inserting of some important parameters which
are the resolution and focusing parameters. These parameters are angular semi-angle
(a), focusing power (P), resolution limit (&), image rotation (0), spherical aberration
(C,), defocus (AZ), wave aberration (Xab), depth of field (Dsgq), and depth of focus
(Dsoc) at certain magnification conditions. Thus, user can easily compute and plot,
according to relations and forms, the effect of these parameters at the lens properties
of four magnification conditions; zero, infinite and finite (low and high)
magnification modes. This work introduces a new development for CADTEL
software which is an interactive visual interface in electromagnetic lenses.Whereas,
it reflects a substantial reduction of time and resources desired for training new users
and researchers in electron optics field. The results and curves representations
appear with visual interfaces which are coded in visual basic programing language.
In addition, the computations and figures which were plotted appeared that complete
identification between these results which are obtained from CADTEL and that from
other software’s and direct computations methods.

Keywords: Magnetic lens, spherical aberration, resolution limit, focusing
parameters.
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two types of design procedure. The first one named, analysis procedure (which is based on
trial and error) where consist of three sorts called; H1 programs for magnetic scalar potential
by solving Laplace's equation [1, 2], H2 and H3 programs for magnetic vector potential by
solving Poisson's equation [3, 4] in linear and non linear media respectively. While the second
part, named H4 programs for the synthesis procedure (inverse design).

CADTEL software consist of computational and plot steps of magnetic field, equipotential
surfaces, flux lines, objective and projector properties, and poles shape for proposed lens
design which are appear in auto visual interfaces, that are coded in visual basic language [5].
1. Introduction
CADTEL software was introduced by Hasan in 2013 for electromagnetic lenses. It includes
both analysis procedure and synthesis procedure.[1]. Numerous software and simulation
programs interested in charged particle optics have been reported such as: G-optk program
proposed for object-image analysis mode with intersting capability which was demonstrated
by applying this program for three systems of electron optics, the most imported one is a low-
energy electron microscopy objective lens [2]; The Electron Optical Design (EOD) software
which is a complete workplace for the design of electron and ion microscopes [3]; Charged
particle optics (CPO) program which is concerned with imaging and electron physics, optical
and electron microscopy, physics of electron devices, particle optics at high and low energies,
electron microscopy where the computing methods are used in all these domains [4]; Also
there is VDTEL software which is a visual designing tool for electrostatic lenses [5].

2. Case Study

The current paper aims to build and develop a new software CADTEL that can be used to
design, compute and plot the resolution and focusing parameters (depending on the objective
properties which are determined also in this program) affecting the properties of electron
magnetic lenses. The obtained results (computations and figures) are displayed in visual
interfaces as a simple way to reduce time and efforts for users and designers in electron optics
branch. Thus, the current developed version of CADTEL software, depending upon the
synthesis procedure, can be applied to compute and plot the resolution and focusing
parameters for 16 mathematical models representing the magnetic flux density of electron
magnetic lenses.

Glaser model [6] which takes no.1 in software is the most commonly used as physical (math)
model for the flux density of magnetic field generated by a symmetric magnetic lens on the
axis. Exponential field model which takes no.3 in software, where it would obviously be
beneficial if there was an analytical field distribution that closely resembled the actual field of
the lense in order to understand the general behavior of lenses of this kind. Thus, exponential
field model can be applied to supply a beneficial initial approximation to focal properties. A
lens of this type can also be used as a condenser-objective lens. Other models, such as the
bell-shaped model, which is similar to the Gaussian model, which takes no.5 in software, but
has a different math function, can be used as well,.Additionally the potential distribution is
typically calculated experimentally or numerically. Three-Halfes Exponential model, which
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take no.7 in software, is interested in double polpiece lenses. Inverse Tangent Function
model, takes no.9 in software and many more.,

The mathematical model of the magnetic field function is used to determine the path of the
electron beam as well as determining the distribution of the scalar potential along the
supposed optical axis as a starting point in determining the optimal design of the magnetic
lens. The benefit of CADTEL and its development is to save time and improve productivity
of designers and users with reducing tedious and potential effort [7].

There are three magnification conditions in which an electron lens can be operated. These
conditions can be thought of by using any of the two-linearly independent solutions of the
paraxial-ray equation. Zero magnification condition required operating state of the charged
particle beam enters the electron lens field parallel to the optical axis, i.e. the object position
Is at infinity. As an example, the final probe-forming lens in a Scanning Electron Microscope
(SEM) is usually operated in this condition. While infinite magnification condition, required
for the operating condition in this case, is that the image position is at infinity, i.e. the beam
emerges from the electron lens field parallel to the optical axis. The objective lens in a
Transmission Electron Microscope (TEM) is sometimes operated in this mode. In addition the
finite magnification condition requires t hat the object and the image positions in this
operational mode lie at finite distances from the region of the imaging filed. The objective
lenses in (TEM) are usually operated under this condition. According to the constraints that
must be imposed, the finite mode of operation is classified into two types; low magnification
condition and high magnification condition [7].

3. Mathematical Representation

The electron lens is a mixture of static or dynamic electrical and magnetic fields, which are
used to converge electron streams in a manner similar to an optical lens.

The magnetic field has an affect on the charged beam and deflect it about its path and focuses
it in certain point. So, every property or tool that is able to do this , can be called a lens. An
electron lens is known as an apparatus that collects and focuses a moving beam of charged
particles at the same position.They suffer from very extreme spherical and chromatic
aberrations that we normally monitor by inserting small apertures to pick electrons nearest to
the optical axis as these are least affected by the aberrations of the lens.

3.1 Abberations

The spherical aberration parameter is one of the objective properties which the integral
formula below calculates [8];

Cs = 122Vr fzzoi [i—j Bl rj + 8B;2r§ —8B2r2 r&z] dz (@))
Where n is the electron's charge-to-mass quotient. The integration only spans the interval
from object plane z, to image plane z; given the limits of the magnetic fields.

Owing to electrons at the edge of the lens, spherical aberration is bent compared to that in the
centre because there is no uniform magnetic field between the pole pieces of the lens.
Spherical aberration results in unsharp point and distortion of the image, which can be fixed
with a small aperture.

The wave aberration function is defined as the difference of phase or distance in the optical
path from the perfect spherical wave (reference) to the actual wavefront for the proposed lens.
Since the area on the sample that is viewed most of the time in EMs (especially in TEMS) is
quite small, it is usually possible to ignore the dependency of the wave aberration function on
the position of the point source in the object plane,this is known as the isoplantic
approximation [9].

The wave aberrations (Xwap) in the EM images generate a scrambling of amplitude and phase
detail. In addition, a minor misalignment of the path of the incident electron beam causes
wave aberrations and thus affects the image quality so that coma-free alignment is necessary
for HRTEM [9].
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The Xwap is defined as the sum of spherical aberration (C;) and defocus (AZ) [10]. i.e.;

Xwap= Cs + AZ 2
AZ = (A . Co)"? (3)
Where A the electrons wavelength. So, by substituting equation (3) in equation (2) yeild,;
Xua= Cs [1+ (A / C9)* ] (4)
Also, the wave aberration can defined as,

Xuap =7 02 (Cs / 1)1 (5)

Thus, depending on Xyap =1 AZ 0%/A and AZ <\ / 02 , the result that Xy, < 7 is reached.

3.2 Semi-angle Aperture

Lens apertures was used to monitor the divergence or convergence of electron paths through
the lenses that, in effect, influence the aberrations of the lens and regulate the current in the
beam that reaches the specimen.

The semi-angle aperture or divergence angle (o) is related with spherical aberration
coeffiecint (Cs) by the form [11]:

a (rad) = (L / Co)* (6)
It should be remmebered that the wavelength (A in nm) is related with the accelerated
potential V. (in volt) of electron beam by the form [7]:

Mnm) = (h¥/2emV))2 = (1.5/V,)*2 (7)
Thus, the semi-angle (a) takes the form:

a (rad) = 0.006 / (Cs** Vv, 18 (8)
So, the optimum angular semi—angle aperture (a) is given by [11]:

topt (rad) = (A / Cs)™* (9)

3.3 Focal Length and Focusing Power
The focusing power [ is the ability to refract the electron beam toward the optic axis.It is
equal to reciprocal of the focal length:

B=1/f (in unit m™) (10)
According to Rayleigh criterion, the resolution limit (3) is formed as [11]:
§=0.61(Cga®)" (11)

The value of the constant in the last equation depends on aperture shape and its value equal to
0.61 for circular aperture.

The effect of the magnetic forces acting on a charged particle in the approximation of the thin
lens leads to a simple relationship for a magnetic lens' focusing strength [12]:

For electrons :

f = 7.245x10° V, / (Bmax NI) (12)
B=1/f=13802 Bnax NI / V, (13)
where Bnax IS the maximum magnetic field density value, |, is the magnetic permeability in
vacuum (4 x10”7 Hm™), and NI is Ampere-turns number of the magnetizing coil (lens
excitation).

The focusing power varies with changing the current (1) provided by the coil windings (N) or
excitation of the electron lens, because the maximum value of magnetic field density (Bn) is
proportional with this current. This ability to change the focal length f means that an electron
image can be converged by changing the current of the lens.

Simple comparison between electrons and other charged particles (for the same | and KE or
V), it can be seen that the focusing power of the magnetic lens is much smaller for other
particles (not electrons)whose mass is thousands of times greater than that of the electron. lon
optics usually includes electrostatic lenses for this purpose.

3.4 Image Rotation

The plane of the exit ray is rotated at angle () with comparison to the plane of the incoming
electron. The total angle of rotation for the image along the interval confined between the
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object (z,) and the image (z;) positions can be found by integrating one of the components of
the paraxil ray equation [7]:

do/dz = ./e/8mV, B, (14)
to result:

0= .e/8mV;, ["B,dz (15)

According to Ampere's law
/= B, dz = p, NI (16)
Equation (15) can be modified to the following expression [7]:

0 = /(e n3/8m) (NI/\/V; ) = /(e n2/8m)[(V,, — V,)/y/V: | (17)
For electrons specifically, the last equation becomes:

0 (rad) = 0.1863 (NI/,/V; ) (18)
In case of reversing the current passing through the coil windings of the electron lens, the
image rotation would reverse, because the axial magnetic flux density B, (and also 6) would
be reversed in sign. Therefore, inversing the current does not vary the focusing power,
because its equation contains B,? which is always positive.

3.5 Depth of Focus and Depth Field

The field depth (Dsg) is measured at the target and refers to it. It is the distance on either side
of the object plane along the axis through which the object can be moved without visible loss
of focus in the image.

The focus depth (Dsoc) is measured in the image plane and refers to it. This is the distance on
both sides of the image plane along the axis on which the image is centered and the focal
plane and objective lens are fixed, as illustrating in Figure 1 [13].

e . | 215
Bob

[
/

T
1

i

Figure 1- Schematic diagram illustrating the depth of focus and depth of field.
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Thus, the ray paths 1 and 2 (Figure 1) remain in focus when emerging +Dyq/2 each side of a
plane in the specimen. It can be mentioned that, usually Dsgq must be greater than the thickness
of the specimen. The same rays describe the Dsq over which each side of the image plane is in
focus +Dsc/2. Where the object's resolution is dop, and that of the image is dim. So, Dsyq IS
equal to:

Dfig (nm) = 3 (nm) / tan a (19)
Depth of focus is the ability to converge lineaments within the same image at different depths,
or the ability to produce a sharp image from a non-flat surface.

Dsoc (nm) =A (nm) /n sin o =A (nm) / sin o when n=1 for air (20)
4. Visual Interfaces

The current improved CADTEL software contains a multiple of interfaces, as shown in Figure
2, with a lot of commands that are excuted as computations and plots,as illustrated in Figure
3.

5. Data Set

The interfaces and home page automatically give the freedom to choose the required
mathematical model and inserting desigrable data to obtain the useful flux distribution of
magnetic density and scalar magnetic potential, each is plotted as a function of axial distance.
In addition, the objective and projection properties are plotted as a function of the accelerating
voltage (Vr) and excitation parameters (NINVr). CADTEL software can store data in an
external file which can be editted by the user in text boxes in the home page. Also, output
results can be recieved with auto display appearing in text boxes and can be saved in external
file which is prepeared previosly.

6. System Modeling

The CADTEL software is an important new tool for designing and analyzing electromagnetic
lenses. This software offers an interactive and intuitive programming package in both the
analysis and synthesis process for designing symmetric and asymmetric lenses for more than
pole-piece under four operating conditions. CADTEL reflects a substantial decrease in the
working time and resources desired for educating new users in the use of electron optics
programs. Therefore, the since of the field of electron optics should be realizing improved

efficiency.

|(1)GLaser Bell-Shape model: B(z)=Bmax { [1+(z fa)"2]

The

Required
Model-H4

/ Botational Axis \
.

v Electron Beam

| cumun

Solenoid
Winding

‘ & 0
Back Exit

|(2)Grivei—Lenz model: B(z)=Bmax { cosh[1.317 (z fa]]

|(4)Spherica| Polepiece model: B(z)=Bmax (3.847)"3 ] [3.847+(z [ a)]"3

(5)Gaussian Field model: B(z)=Bmax exp {-(z{ a)"2 (In2)}

|(6)Founh Exponent model: B(z)=Bmax { [1+(z | a)"4]

|(7)Three Halves Exponent model:B{z)=Bmax /[1+(z [a)"(3{2)]

|(10)Hyp.Tangent model: B(z)=Bmax [1-{tanh(1.76275 (z [ a)}"2]

|(11)Tanh model: B(z)=Bmax [arcitan(z / a)} / sinh(z  a)]

|(12)Trig.Func. model:B(z)=Bmax { [{cosh(z | a)}"2 * sqrt{2Hanh(z | a)}]

|(13)0uadralic Secantsh model: B(z)=Bmax [sech(1.135 z } a)]"2

|(14)Powered Hyperbo. Secantsh model: B(z)=Bmax [sech(180 z/L)]"N
(15)Cosine Field model: B(z)=Bmax [cos(z (arcCos(0.5)"1/N) | W]"N

Figure 2- Visual interface pages for the CADTEL software.
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FILE EDIT VIEW COMPUTEANDPLOT = PATH NAME
AXIAL FLUX DENSITY DISTRIBUTION
SCALAR POTENTIAL
FLUX DENSITY AND SCALAR POTENTIAL
POLES PROFILE RECONSTRUCTION

OBJECTIVE PROPERTIES ’

PROJECTOR PROPERTIES )

RESOLUTION AND FOCUSING PARAMETERS > ZERO MAGNIFICATION H Angular Aperture x Vr
LOW MAGNIFICATION b Angular Aperture x NI/sqrt(Vr)
HIGH MAGNIFICATION ¥ Angular Aperture x Image Rotation

INFINITE MAGNIFICATION b Angular Aperture x Wavelength
Focusing Powerx Vr
Focusing Powerx NI/sqrt(Vr)
Focusing Power x Image Rotation
Focusing Power x Wavelength
Resolution Limit x Vr
Resolution Limit x NI/sqrt(Vr)
Resolution Limit x Image Rotation
Resolution Limit x Wavelength
Defocusx Vr
Defocus x Ni/sqrt(Vr)
WAVE AB. x Vr
WAVE AB. x NI/sgrt(Vr)
DEPTH OF FIELD x Vr
DEPTH OF FIELD x NI/sqrt(Vr)
DEPTH OF FOCUS x Vr
DEPTH OF FOCUS x NI/sqrt(Vr)
DEPTH OF FIELD x DEPTH OF FOCUS

Figure 3- The commands can be excuting as computations and plots at developing of
CADTEL software.

7. Results and Discussion

The outcome results supply searcher benefitial feedback about the proposed model (lens)
from auto use in FILE, EDIT, VIEW, COMPUTE AND PLOT, PATH NAME, and HELP
options which are available in a task bar according to user need (see Figure 3).

If model no.=3 is selected, Bmax=0.1 Tesla, z;=-10 mm, a;=0.75mm, a,=0.75mm (symmetric
lens) for exponential field model and using its magnetic flux density (B, and zero
magnification condition as a case study to compute the resolution and focusing parameters as
in Table 1 and plot these parameters with each other to study its behaviors. Note the user can
select any model, magnetic flux density, and other variables, i.e. can be choose multiple
lenses for all types of magnification conditions.
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Table 1: The resolution and focusing parameters of proposed magnetic lens for zero magmfication condition

BEAH EXCTATION WAVE  ANGLE IMAGE  FOCAL SPHER MNGULAR  FOCUSNG  RESOLUTION  DEFOCUSMG ~ WAVE DEFTH OF  DEFTH OF
VOLTAGE  PARAHETER LEHGTH  ROTATION LENGTH AB. APERTURE  POWER LT AB. HELD FOCUS

(), MgtV U0 (m) THEM(ud) () G  AFA(ad) BETA(Um) SGMAw)  DEAI(w) WAVEAR  DFIELD (w)  DFOCUS fum)

106628 I 00071 0.1863 01473 05.59383  0.0003036  B.0IT4B 1440082 0.00007936 00002061 000004773 1342197
74157 1 101412 03726 003149 1436378 00010117 LTSTIT O E.eRTOR 000001429 0.0004381 00000088 1405739
11959 3 002133 0.5589 01.0141 13419 00020251 708276 6517 (000000835 0.000246  0.00000322 1053397
18530 4 0.02844 01.1452 0.00819 026052 00031785 IILIIGRY  B3476D 0.00000272  0.000166%  0.00000164  B.67598
11885 5 0.03554 0815 0.0054 0.07629 00047124 18509679 4.66805 000000165 0.0001282  0.00000099 754514
0514 ] 004261 1178 000389 00 00062708 257.00331 420997 0.00000117  0.0001026  0.00000067  6.80411
0.6054 1 0.04278 13041 0.00209 00138 00079032 32400404 380673 (00000082 0.0000BTY 000000049 6.2%8%6
0.4635 8 0.05689 14904 1.0024 0.00718 0.0095688 41631037 3.67817 (00000064 00000784 0.00000038  5.94539
03662 9 0.064 | 667 n.00201 0.00425 00112386 49B62800  1SBDD 0.00000052  0.000071%  Q.00000031  5.60483
0.2966 L] [ 1863 0.00172 0.00m 00128905 570919 141302 0.00000044  0.0000675  0.00000028 551673
0.2451 1l men 1048 090152 0.00186 0045094 65058056 333305 000000038 00000643 00000003 538766
0.208 11 0.08533 1135 0.00136 000134 00161086 T3IATRES 1ATHAI 0.00000034 00000622  0.0000D02  S.29762
01755 13 0.09244 14119 0.00125 n.00101 0076378 BOLIS4 32471 (.00000031 00000609 O.DDOOOIE  B.2415T
0503 14 009938 16002 000115 0.00079 0093 Be6T9IB4 32184 0.00000028  0.00006 000000017 5.20206
0318 15 010667 17545 000108 0.00063 0020569 92466135 320839 0.00000026  0.0000596  0.00000016  5.18618
050 16 0137 19808 00103 0.00052 onnT o wsaeme 3y 000000024 00000598 0.000000IS 519299
01026 17 0.12089 L1671 000098 0.00045 0031337 101788071 323308 000000023 0.0000805  0.00000014  5.12615
0.0916 1] 0128 135 0.000%4 0.00038 00243614 105844148 325071 0.00000022  0.0000811  0.00000013  5.15475
0n 19 01350 15 000092 0.00035 00253664 10075960 32957 (0000022 00000629 000000013 532698
LLZEN 1 o141 3716 0.0009 0.00032 00260301 1105.7607 336742 Q00000021 0.0000657  0.00000013 544349

THE ABOVE RESULTS ARE FOR AN EXCITATION OF NI=172.213 AMPTURNS

From command task, if the designer choose the state of zero magnification condition, the
angular aperture (o) can be computed and plotted as a function of V, , NIAVr , 0, and A, as
illustrated in Figures 4, 5, 6, and 7, respectively. From these curves, it can be seen that a
reduces with the increment of V, , while it increases with increasing the values of NI/VVr , 6,
and A. Therefore, the focusing power () can be computed and plotted as a function of V, ,
NIAVr , 0, and A, as shown in Figures 8, 9, 10, and 11, respectively. Which are illustrated
from curves path in x-y coordinates of these figures, B is decreasing with the growth of V; ,
thus, it increases with the growth of NI/YVr , 0, and L. Also the resolution limit (8) can be
computed and plotted as a function of V,, NI/NVr, 0, and A, as noticed in Figures 12, 13, 14,
and 15, respectively. It is clear from the behavior of the curves in these figures that o
increases with increasing V, , while it reduces with increasing NI/NVr , 0, and L. Thus, the
defocus (AZ) can be computed an plotted as a function of V, , and NI/N/Vr, as illustrated in
Figures 16, and 17, respectively. It can be noticed, from these figures, that AZ grows with
increasing V; , but reduces with increasing NI/V'Vr. In addition, the wave aberration (Xuab)
can be computed and plotted as a function of V/; , and NI/N'Vr, as shown in Figures 18, and 19,
respectively. From these figures, it is noted that X,y increases with the growth of V, , while it
decreases with increasing NI/\'Vr. In addition, the depth of field (Dsqg) can be computed and
plotted as a function of V, , and NI/'Vr, as noticed in Figures 20, and 21, respectively. Thus,
the user can notice from these figures that Dgg grows with increasing V., , but decay with
increasing NI/A'Vr. The depth of focus (Dso) can be computed and plotted as a function of V ,
and NI/VVr, as illustrated in Figures 22, and 23, respectively. It can be noticed, from these
figures, that Dy, go up exponentially with the increase of V. , while it drops exponentially
with increasing NI/VVr. Finally, the depth of field (Dsg) can be computed and plotted as a
function of depth of focus (Ds.c), as shown in Figure 24. From this figure, the exponentially
increase of Dgg with increasing Dso can be noted.

From the above figures and behavior of the curves, the designer and user for this software and
the currents development, can view the relation of the variations (increments and decrements )
depending according to data selected and model or design which is provided.
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8. Conclusion

At zero magnification condition (ZMC), increasing the angular aperture and focusing power
would be associated with high values of excitation parameter, image rotation, and
wavelength, and low values of accelerating voltage. While the resolution limit reaches lower
values with increasing each of the excitation parameter, image rotation, and wavelength, and
decreasing accelerating voltage.

Thus, the defocus increases with high values of accelerating voltage and low values of
excitation parameter. As well, decreasing the wave aberration should be associate with low
values of accelerating voltage and high values of excitation parameter.

Therefore, increasing the field depth and focus depth with high values of accelerating voltage
and low values of excitation parameter. So, the depth of field will increase with increasing the
depth of focus.

ALFA(rad)

0.02613 ALFA(rad)

0.02613

0.01307 0.013

Nltsgri(vr)
20

I Y N T T R T T T T T T T T T |
0 10

TN T T TN TN TN T Y TN T T T T N T T N SO |
0 0.927

Vr{Ky)
1.8539

Figure 4- The angular aperture (a) as a
function of accelerating voltage (\Vr) at
ZMC for magnetic lens with using the
exponential field model.

Figure 5- The angular aperture (a) as a
function of excitation parameter
(NI/V'Vr) at ZMC for magnetic lens
with using the exponential field model.

ALFA(rad)
0.0261301

0.0130651

N T T T T T T T TN TR TN TN T T N
0 1.863

THETA(rad)
3726

ALFA(rad)
0.0261301

0.01308651

0 0071 01

LMDA(nm)

422

Figure 6- The angular aperture (o) as a
function of image rotation (6) at ZMC for
magnetic lens with using the exponential
field model.

Figure 7- The angular aperture () as a
function of wavelength (1) at ZMC for
magnetic lens with using the exponential
field model.
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Figure 8- The focusing power (B) as a

function of accelerating voltage (\Vr) at
ZMC for magnetic lens with using the

exponential field model.

Figure 9- The focusing power (B) as a
function of excitation parameter (NI/\'Vr)
at zero magnification conditionZMC for
magnetic lens with using the exponential
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Figure 10- The focusing power (B) as a
function of image rotation (6) at ZMC
for magnetic lens with using the
exponential field model.

Figure 11- The focusing power (B) as a
function of wavelength (A) at ZMC for
magnetic lens with using the exponential
field model.
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Figure 12- The resolution limit () as a
function of accelerating voltage (\Vr) at
ZMC for magnetic lens with using the
exponential field model.

Figure 13- The resolution limit (3) as a
function of excitation parameter
(NI/N'Vr) at ZMC for magnetic lens with
using the exponential field model.
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Figure 14- The resolution limit (3) as a

function of image rotation (0) at ZMC for
magnetic lens with using the exponential
field model.

Figure 15- The resolution limit (3) as a
function of wavelenght (1) at ZMC for
magnetic lens with using the exponential
field model.
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Figure 16- The defocus (AZ) as a function
of accelerating voltage (Vr) at ZMC for
magnetic lens with using the exponential
field model.

Figure 17- The defocus (AZ) as a function
of excitation parameter (NI/\'Vr) at ZMC
for magnetic lens with using the exponential
field model.
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Figure 18- The wave aberration (Xy.,) asa Figure 19- The wave aberration (Xy) as a
function of accelerating voltage (Vr) at function of excitation parameter (NI/VVr) at
ZMC for magnetic lens with using the ZMC for magnetic lens with using the
exponential field model. exponential field model.
DFIELD(m) DFIELD{m)
0.0000477 0.0000477
0.0000239 : 0.0000239 :
L T TN TN YT TN T S S TN Y N N TN TR SN T T | V[(KV) Lo 0 05— nnn o o0 n nnn oo N”SQI’T(VT)
0 14.8314 29.66281 0 10 20
Figure 20- The depth of field (Dsq) as a Figure 21- The depth of field (Ds) as a
function of accelerating voltage (\Vr) at function of excitation parameter (NI/VVr) at
ZMC for magnetic lens with using the ZMC for magnetic lens with using the
exponential field model. exponential field model.
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Figure 22- The depth of focus (Ds,) as a
function of accelerating voltage (\Vr) at
ZMC for magnetic lens with using the
exponential field model.

Figure 23- The depth of focus (Ds,) as a
function of excitation parameter (NI/\Vr)
at ZMC for magnetic lens with using the
exponential field model.
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Figure 24- The depth of field (Dyq) as a function of
depth of focus (Do) at ZMC for magnetic lens with
using the exponential field model.
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