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NUMERICAL INVESTIGATION OF THE ABERRATIONAL
COEFFICIENTS OF A BOX SHAPED CATHODE LENS

Abstract. In the present article, the numerical investigation of the aberration coefficients that determine the
electron-optical characteristics of a three-electrode cathode lens is carried out. This paper discusses the theoretical
and practical aspects of the design of new cathode electron lenses with two symmetry planes, which ensure a higher
quality of focusing of charged particles, which, in their turn, leads to the improvement of the technical characteristics
of analytical instruments and processing installations. It is noted that the investigated elements are used in electron
microscopes, mass spectrometric devices, as well as in electron-lithographic and ion-lithographic installations of
nano and micro electronic technologies. Numerical calculations of the aberration coefficients were performed accor-
ding to the program for electron cathode lenses with two symmetry planes, provided that it forms a crossover. The
aberration coefficients are calculated from complex formulas. In calculating the aberration coefficient, the Simpson
formula was used to solve the integral, the fourth-order Runge-Kutta numerical method was used for solving the
second-order differential equation. As a result of the calculations, a comparative analysis of the aberration
coefficients was carried out. The three-electrode cathode lens discussed in this paper, with certain lens parameters,
makes it possible to focus charged particles with the lowest values of aberrations.
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In order to focus the electron beam in the electron-optical equipment, electronic lenses are used.
When they are designed, mathematical modeling plays an important role, which allows tosignificantly
reduce the time and money spent on experiments in order to optimize the performance of lenses. Modeling
of clectrostatic electronic lenses is performed in two stages: calculation of the electrostatic field and
analysis of its electron-optical characteristics [1, 2].

When developing electronic optical devices and devices that include elements of electronic optics, it
is very important to consider the amount of influence of each of its elements that affects the quality of the
clectron-optical image.

Aberrations play an important role in electronic and ion optics. In practice, they limit the possibilities
of beam devices. The main aberrations that determine the resolving power of most electronic optical
mstruments are spherical and chromatic. They cause distortions in the image of source points located both
outside the optical axis and on it. For the correction of spherical aberration the multi-electrode lenses -
octupoles and sextupoles are usually used [3]. The correction of chromatic aberration up to the present
time was carried out mainly with the help of superimposed electric and magnetic quadrupoles [4].
However, the use of a magnetic field has a number of disadvantages that significantly complicate the
practical work with the system. The chromatic aberration of a linear image can also be corrected in a
purely electrostatic lens.

The problems of aberration reduction in electrostatic lenses are investigated in many scientific works
with different methods for improving aberration characteristics, such as the use of different forms of
electrodes [5-7]. There are several methods for correcting chromatic and spherical aberrations in electron
and ion optics by calculating the drift-transit time of image particles [8,9]. Methods for filtering the effects
of spherical and chromatic aberrations of wide acceptance angle clectrostatic lenses (WAAEL) are
described in [10-21].
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The present paper covers the numerical investigation of aberration coefficients of three-electrode
cathode lenses with two symmetry planes containing a set of plane electrodes arranged symmetrically and
parallel to the symmetry planes of the field.

In the Cartesian X,Y,z coordinate system, the case of a three-clectrode cathode lens is to be

considered (Figure 1), whose cathode is located in the Xy plane at the value of the third coordinate z=0.

It is noted that the third coordinate for the considering lens is its main optical axis. The cathode potential is
assumed to be zero. Two pairs of flat plate electrodes are symmetrically positioned to the Xz plane, the
distance from this plane to the electrodes is assumed equal to / , » the other two pairs of flat plate elec-

trodes are symmetrically positioned to the yz plane at a distance /. In the direction of the main optical

axis z, these pairs of electrodes are separated by a slit located at the Xy plane with the coordinate z; [1].
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Figure 1 — Three-electrode cathode lens

Numerical calculations of the aberration coefficients were performed according to the program for
electron cathode lenses with two symmetry planes, provided that the crossover was formed (Figure 2).
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Figure 2 — Graph of conditions for the formation of a crossover of a three-electrode cathode lens
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The aberration coefficients are calculated from complex formulas. For example, the aberration

coefficient D _,, is calculated in the following way
1
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The drift-transit time and other motion parameters of charged particles are counted from the moment
of their emission from the cathode surface, on which the condition ¢, = (z)(xk, yk,zk) =0 is satisfied.
Therefore, when solving (2), an uncertainty is faced, which is eliminated by the following formula

T%dzon cr;z,u) ~m—2'zfg(0’—%€p”jdzon +T%dzon )

Where z, - coordinate of the cathode, z,

U

=2.

- coordinate of a point a few steps from the cathode.

When calculating the aberration coefficient in order to solve the integral (2), the Simpson formula
was used, the fourth-order Runge-Kutta numerical method was used for solving the second-order
differential equation (6), (7). The calculation of electrostatic field was performed in the article [1].

Aberration coefficients D, and D, (n=2.3;j=1, 2,...,12) along the axis x and y are determined by
similar formulas.

When performing the calculations the values for #, =1, /, =0.1, /. =1land corresponding values
for u, and z, (Figure 2) were taken with the condition of crossover formation. The size of the lens is
regulated by distance of electrodes /, from the plane yz. The results of calculations of a set of aberration
coefficients are presented in graphs (Figure 3 - Figure 8). In the figures, the red line corresponds to the
value /, =0.06, green - [, =0.08, blue - /_ =0.1. The graphs show the dependence of the aberration
coefficients on the potential of the first electrode #, for three different values of /.

A number of aberration coefficients were obtained, characterized by zero or negative values
(D, —-D D D
and D, , but its value remains small when /, =/ = 0.1, and negative for D ;, as well as for D ;.

and D

=D, ,and D ;). The aberration coefficient becomes positive for [

x31 x310> »31 x311> x312

Particularly interesting fact for D is that when the potential of the first electrode

x311 311

increases, consequently the distance between the electrodes z,, the value of the aberration coefficient
decreases, which is characterized by a positive aberration coefficient for all three different values of /_ .

The analysis of the graphs shows that the considered three-electrode cathode lens for the certain
values of applied potentials and electrode sizes makes it possible to significantly reduce the aberration
values.
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Graphs of the aberration coefficients Dy31 ,D 32
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Graphs of the aberration coefficients Dy33 ,D

Figure 4
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Figure 6 — Graphs of the aberration coefficients Dy37 , Dy38
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Figure 7 — Graphs of the aberration coefficients D ;. D 1
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Properties of a cathode lens with a cylindrical shape of electrodes were investigated in [2]. The
results shown in [2] indicate that an increase in the number of electrodes can give some improvement in
certain types of aberrations. At the same time, a comparison of these results with similar doubly sym-
metric elements shows that the values for the aberrations of doubly symmetric lenses are often smaller
than the values for similar aberrations in axisymmetric lenses. Thus, in a number of cases the use of focu-
sing elements with two symmetry planes gives better conditions for the formation of electron and ion
fluxes with the necessary beam focusing parameters.
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A. T. Uopaes, 9. B. CarbIHIBIK
K. . Corbaes ateiaaarsl Kazak YITTHIK TEXHHKATBIK 3¢PTTCY YHUBEpCUTETI, Anmarel, Ka3zakcran

KOPAIITHI KATOJA JIUH3ACBIHBIH ABEPPAITUAJIBIK KOO®PHUIIUEHTTEPIHE
ECEINTIK 3EPTTEY

AnnoTanus. KepceTireH KyMBICTa YII3ICKTPOATHI KATOX THH3ACHIHBIH HICKTPOHIBI-ONTHKAIBIK CHIIATTAMA-
PBIH AHBIKTAWTBIH a0CPPALMSIIBIK 3EpTTEYNCp sKypriziaren. XKymeicTa 3apsaranraH Oemmektepai (POKycCTayabIH
JKOFAPFbI CATAChIH KAMTAMACCHI3 CTCTIH €Ki CHMMCTPHS JKA3bIKTHIFbIHA HC JKAHA KATOATHI 3JICKTPOH/IBI IHH3ATAPIbI
KYPACTBIPYABIH TCOPISUIBIK JKOHC IPAKTUKATBIK CYPAKTaphl KAPACTHIPBUIFAH. Byl €3 KE3eTriHAC TEXHOJOTHSAIBIK
KYPBUIFBIIAPIBIH, TCXHHKAIBIK CHIATTAMANAPBIH JKAKCAPTYFa MYMKIHZIK Oepenmi. ATam eTCEK, 3CPTTCIIN OTHIPFaH
3IEMCHTTEP JICKTPOHIBI MHKPOCKONTAPAA, MACC-CIICKTPOMETPHAIBIK KYPBUIFBIIAPIAT JKOHE JC HAHO MCH MHKPO
AMCKTPOHIBI TCXHOJOTHIAPABIH 3ICKTPOHIBI-TUTOIPAQUSIIBIK JKOHEC HOHABI-TMTOTPAMIATBIK KYPBUIFBUIAPBHIHAA
KOJITAHBLIA/IBL.

Tyiiin co3/1ep: KaTOATHI JIMH3A, JCKTPOH, HOH, (oKyC, abeppanus, KyphUIFbL.

A. T. Uopaes, A. B. CarbIHIbIK

Kazaxckuit HaUMOHATBHBIA HCCIIEA0BATEIbCKUE TexHIUeCKul yHIBepcuTeT HM. K. M. Carnaesa,
Anmarsl, Kazaxcran

YACJEHHOE HCCAENOBAHUE ABEPPAIIMOHHBIX KO3 ®PUIIHEHTOB
KOPOBYATOHU KATOAHOM JIUH3BI

Annotamusi. B HacTosmer paboTe MPOBEICHBI YMCICHHBIC MCCICAOBAHMA a0CPPAHOHHBIX KO PHIHCHTOB,
OMPCACTAIOINNC 3ICKTPOHHO-ONTHYCCKHE XAPAKTCPHCTHKH TPEXAICKTPOAHOW KAaTOOHOW JHH3BL B pabote
paccMaTpuBarOTCA TCOPECTHICCKUC H MPAKTHICCKUC BOIMPOCHI MPOCKTHPOBAHMA HOBBIX KATOAHBIX 3JICKTPOHHBIX JIMH3
C ABYMA IIIOCKOCTAMH CHMMCTPHH, KOTOPBIC O6CCHC‘{HB3}0T 60.]'[66 BBICOKOC KAQ4CCTBO (bOI(yCI/IpOBKI/I 3aPSOKCHHBIX
YaCTHIl, YTO B CBOK OUCPCAb NMPHUBOAMT K YJIYUIICHHIO TCXHHYCCKHUX XAPAKTCPUCTHK AHAIUTHICCKUX l'IpI/[60pOB n
TCXHOJOTHICCKHUX YCTAHOBOK. OTMCTI/IM, YUTO HCCIICAYCMBIC 3JICMCHTBI HCIIOJIB3YOTCA B JICKTPOHHBIX MUKPOCKOIIAX,
MAaCC-CIEKTPOMETPHYECKUX MPUOOPAX, A TAKKE B 3JICKTPOHHO-TUTOTPAPHICCKUX M HOHHO-THTOTPA(HICCKHX yCTa-
HOBKAaX HAHO- M MHUKPOXJICKTPOHHBIX TEXHOIOTHH. B pe3yibTaTe MpOBEACHHBIX PACUCTOB OBLT MPOBEICH CPABHU-
TCNBHBIH aHAMU3 KO3((HUHCHTOB abcppaumii. PaccMOTpeHHas B padOTE TPEXIJICKTPOIHAA KATOJHAS JIMH3Aa TPU
OIIPENICICHHBIX MAapaMEeTPax JUH3bI MO3BOJIET OCYIIECTBUTH (DOKYCHPOBKY 3apsUKCHHBIX YACTHI C HAMMEHBIIHMU
3HAYCHUAMH a0epparui.

Kinrouesnbie ¢JI0BA: KaTOIHAS JTHH3A, JJICKTPOH, HOH, (DOKYCHPOBKA, abeppauusi, mpudop.



