ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI
YJITTBIK FhUIBIM AKAJIEMUSCHIHBIH

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

I'EOJIOI'USA ' KOHE TEXHUKAJIBIK I'bIJIBIMIAP
CEPUSCBI

L 4

CEPUA

I'EOJIOI'MA U TEXHUYECKHUX HAYK

L 4

SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

4 (424)

HIIJIJAE — TAMBI3 2017 .
HNI0JIb — ABI'YCT 2017 r.
JULY - AUGUST 2017

XKYPHAII 1940 XbIJIJAH IIBIFA BACTAFAH
KYPHAII UBAAETCA C 1940 r.
THE JOURNAL WAS FOUNDED IN 1940.

JKBbUIBIHA 6 PET LIBIFAZIbI
BBIXOIUT 6 PA3 B I'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATBIL KP ¥TA
AJIMATBI, HAH PK
ALMATY, NAS RK



bBacpengakrtoph
3. . 1., mpodeccop, KP ¥FA akagemuri
N.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pengakxnous ankacs

AbaxanoB T./. mpod. (Kazakctan)

Abumesa 3.C. pod., akagemuk (Kazakcran)
AaueB T. npod., akagemuk (O3ipOaiikaH)
Baxupos A.B. mpod., (KeipreicTan)

Becnaes X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpoo., akanemuk (Kazakcran)
Byaar A.®. poo., akagemuk (YkpaunHa)

I'anues U.H. nipod., akagemuk (ToxkikcTaH)
I'pasuc P.M. nipod. (AKIL)

Epramues I'.X. npo., akagemuk (Kazakcran)
Kykor H.M. nipoo. (Kazakcran)

Ken:xkanues B.K. npod. (Kazakcran)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. ipod., akagemuk (Peceit)
KypckeeB A.K. npod., akagemuk (Kazakcran)
Kypuagos A.M. nipod., (Peceit)

Meney A.P. mpod., akagemuk (Kazakcran)
MyxameaxanoB ML.A. ipod., kopp.-myureci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3noeB C.M. nipod., akagemuk (Kazakcran)
IocToaaruii B. mpog., akanemuk (MoJioBa)
Pakumes B.P. npod., akagemuk (Kazakcran)
CeiitoB H.C. ipoo., kopp.-mymeci (Kazakctan)
CeiitmypaToBa 3.10. nipod., xopp.-mymieci (Kazakcran)
Crenanen B.I'. mpod., (I'epmanust)

Xampepu Tx. . npod. (AKLI)

M Teitnep M. npod. (I'epmanwst)

«KP ¥T'A Xa6apaapbl. ['eosiorust MeH TeXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmikrenyui: «Kazakcran PecryOnukachbiHbIH ¥ITTHIK FhUIbIM akageMusicb» PKB (Anmarsi k.).

Kazakcran pecryOnuKachiHbIH MOoJIGHHET IeH akmapar MHHHUCTPIIriHIH AKIapaT JKOHE MyparaT KOMHUTETIHZE
30.04.2010 k. 6epinren Ne10892-2K mep3imik 6acbUIbIM TipKeyiHEe KOWBLTY Typallbl KYaJliK.

Mep3iMaimiri: KbIIbIHA 6 PeT.
Tupaxsr: 300 naHa.

Penaxiusanaeig mekerkaipl: 050010, Anmats K., llleBuenko kemr., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical .kz

© Kazakcran PecmyOnukachiHbIH ¥ ATTHIK FRUIBIM akaneMusichl, 2017

Penaxmmsaein  Kazakcran, 050010, Anmarsr k., Kaban6aii 6ateipa kerir., 69a.
mekemkaiipl: K. . CorOaeB aTeIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

TumorpadustHeH MekeHxaitsl: «ApyHa» XK, Anmatsr k., MypaTtbaesa kerr., 75.

— ) ——



I'maBHBIH penakToOp
I. 3. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO PEAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHH. HAYK
PenakuuoHHas KONIETr U

AbaxanoB T./l. npod. (Kazaxcran)

Abumesa 3.C. pod., akagemuk (Kazaxcran)
Amue T. npod., akagemuk (AzepOaiimkan)
Baxupos A.B. mpod., (Keipreizcran)

Becnaes X.A. npod. (Kazaxcran)

Bumum6aes B.K. npod., akagemuk (Kazaxcran)
BykrykoB H.C. mpoo., akagemuk (Kazaxcran)
Byaar A.®. mpog., akagemuk (YkpaunHa)

I'anues U.H. npod., akagemuk (TamxukucTan)
I'pasuc P.M. nipoo. (CIILIA)

Eprammes I'.X. nmpod., akanemuk (Kazaxcran)
Kykor H.M. nipoo. (Kazaxcran)

Ken:kanues B.K. npod. (Kazaxcran)
KoxaxmetoB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. ipod., akagemuk (Poccus)
KypckeeB A.K. npod., akanemuk (Kazaxcran)
Kypuagos A.M. nipod., (Poccust)

Meney A.P. mpod., akagemuk (Kazaxcran)
MyxameaxanoB ML.A. ipod., wi.-kopp. (Kazaxcran)
HurmaroBa C.A. npod. (Kazaxcran)

O3n0eB C.M. nipod., akagemuk (Kazaxcran)
MocToaaruii B. mpog., akanemuk (MosioBa)
Pakumer B.P. npoo., akanemux (Kazaxcran)
CentoB H.C. mpod., wr.-xopp. (Kazaxcran)
CeiitmypaToBa 3.10. npod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanust)

Xamdepn JIx./1. npod. (CILIA)

I Teitnep M. npod. (I'epmanwst)

«H3BecTusi HAH PK. Cepusi reosioruu 1 TeXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CobctBennnk: PecmyOnmukanckoe oOmectBeHHoe oOwvenuHeHne «HammonanpHas axamemMus Hayk PecryOmmkm
Kazaxcran (r. AnMaTtsr)

CBHUIETENBCTBO O NIOCTAHOBKE HA y4eT IEPUOANYECKOro MedaTHoro u3zfanus B Komurere mHGOpMaLUK U apXUBOB
MunucrepcTBa KyabTypsl 1 uHdopmanun Pecriyonuku Kazaxcran Nel0892-K, Boinannoe 30.04.2010 r.

[TeprnoguvHOCTH: 6 pa3 B TO1
Tupax: 300 sx3eMIUTSIPOB

Anpec pegakuuu: 050010, r. Anmarsl, yi. Llleuenko, 28, xom. 219, 220, Ttem.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical.kz

© HammonaneHas akanemust Hayk Pecry6imkn Kazaxcran, 2017

Anpec penaknuu: Kazaxcran, 050010, r. Anmarter, yi. Kabanb6aii 6ateipa, 69a.
Wuctutyt reonorndeckux Hayk um. K. M. CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Tunorpadun: UIT «Apyna», r. Anmarsl, yi. Mypar6aesa, 75

— 3 —



Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.Kh. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kenzhaliyev B.K. prof. (Kazakhstan)
Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2017

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 4 —



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 4, Number 424 (2017), 108 — 114

UDC 537.533.3
A. T. Ibraev, A. B. Sagyndyk

Kazakh national research technical university named after K. I. Satpayev, Almaty, Kazakhstan.
E-mail: pok rk@mail.ru, aiko .90@mail.ru

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.

Keywords: cathode lens, electron, ion, focusing, aberration, instrument.

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 electrostatic 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
electron-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
instruments 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 electrostatic 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, ),z coordinate system, the case of a three-electrode cathode lens is to be
considered (Figure 1), whose cathode is located in the x) 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].

Y A

/ Ix

>
v

Iz

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
Dy =——h(z,) I, (1)
31 @k 2
where
i W 14
1x2:j\/é.(wf.QS-i_z.Wx.Ql)dZ(m (2)
h,=q, N 3)
where
O, =-D- W+, -w; (4)
Oy =@y W, —4-¢y, - W, (5)
220w +D' W -2-0,,-w =0 ()
2-®-q;’+3-(D'-q;+(%-@"—2-fmj-qx=0 (7

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 ¢, = (o(xk » Vi ,Zk)= 0 is satisfied.

Therefore, when solving (2), an uncertainty is faced, which is eliminated by the following formula
o ol(z,) o ( o- cD”j o(z)
——dz,, =2'—,"'«/Cbi2ui—2' —| o' —— |z, + | —=dz,, 8
Z{JE D! I @ @ I Jo ®)

Where z, - coordinate of the cathode, z, - coordinate of a point a few steps from the cathode.

u
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 ij and D i (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 u, =1, / , =0.1, [ =1and 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 u, for three different values of/ .

A number of aberration coefficients were obtained, characterized by zero or negative values

(D31 = D,3195 Dy3y — D ypand D ;). The aberration coefficient becomes positive for D 5, D, 3,

and D 5, but its value remains small when /. =/ = 0.1, and negative for D ,, as well as for D

y311° y312

Particularly interesting fact for D j,and D . is that when the potential of the first electrode

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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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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Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

A.T. Aopaes, 9. b. CarbIHIBIK
K. ". CorbaeB aTpranars! Ka3ak YITTHIK TEXHUKAJIBIK 3€pTTEY YHUBEpcuTeTi, AimaTsl, Kasakcran

KOPAIITBHI KATOJ JIMH3ACBIHBIH ABEPPAIIUAJIBIK KOOOUIIUEHTTEPIHE
ECEIITIK 3EPTTEY

AHHOTaHHH. KOpCGTiHFeH KYMbICTA YHISJICKTPOATHI KaTO JIMH3AaCbIHBIH 3JICKTPOHABI-OINITUKAJIBIK CUIIaTTaMa-
PBIH aHBIKTAWTHIH aOeppallisuIbIK 3epTTeysep kyprisinreH. JKymeicra 3apsiaTanran OesmekTepii (GoKycTayablH
JKOFapFBl CallachlH KAMTaMacChl3 €TETIH €Ki CUMMETPHS JKa3bIKTHIFbIHA M€ KaHa KaTOATHI 3JEKTPOHIIBI JIMH3AIAP (bl
KYPacTBIPYAbIH TEOPHSUIBIK KOHE MPAKTHKAJIBIK CYpakTapbl KapacThIpbulraH. byl €3 Ke3eriHie TEeXHOJOTHSUIBIK
KYPBUIFBUTAPIIBIH TEXHUKAJIBIK CHIATTaMallapblH KaKCapTyFa MYMKIiHIIK Oepemi. ATam eTcek, 3epTTellil OTHIpFaH
ANIEMEHTTEpP JIEKTPOHIIBI MHUKPOCKONTAap/a, Macc-CIIEKTPOMETPHSUIBIK KYPBUIFBUIAPIAT JKOHE J¢ HAHO MEH MHKpO
ANEKTPOHABl TEXHOJIOTUSIIAPABIH 3JICKTPOHIBI-THTOrPadHsIIBIK JKOHE HOHABI-TUTOrpaduUsIbIK KYPBUIFbUIAPBIHIA
KOJIIaHBLIA/IBL.

TyiliH ce3aep: KaTOATHI IMH3A, 3JIEKTPOH, HOH, (hOKyc, abeppanus, KYPBUIFHL.

A. T. Uopaes, A. b. CarbIHaBIK

Kazaxckuil HauMoHaNbHBIN HccnenoBaTenbekuil Texuuueckuit yausepcurer um. K. M. Carnaesa,
Anmartsl, Kazaxcran

YUCJEHHOE UCCJEJOBAHUE ABEPPALIMOHHBIX KOY®OUIIMEHTOB
KOPOBYATOM KATO/JHOM JINH3bI

AnHOTauusA. B HacTosmeil pabote MpoBeneHbl YNCICHHBIE UCCIEIOBAHNUS a0eppallMOHHBIX KO0d()PHUIIMEHTOB,
OMpEJeISIIONINe  3JIEKTPOHHO-ONTHYECKUE XaAPAKTEPUCTUKU TPEXINEKTPOIHOM KaToaHoW JMH3bL. B pabote
paccMaTpuBarOTCA TECOPETUUCCKUEC U MTPAKTUICCKUEC BOIIPOCHI MPOCKTUPOBAHNA HOBBIX KATOJAHBIX 3JICKTPOHHBLIX JIMH3
C JIByMs TUIOCKOCTSIMH CUMMETPHH, KOTOpbIe 00ecrieunBaroT 0oiee BHICOKOE KauecTBO (POKYCHPOBKHU 3apsKEHHBIX
4acTull, 4TO B CBOIO OYEPCIb MPUBOAUT K YJIYUHICHUIO TEXHUYCCKUX XAPAKTCPUCTHUK aHAJTIUTUYCCKUX HpI/IGOpOB nu
TEXHOJOTUYECKHX YCTaHOBOK. OTMETHM, 4TO MCCIIEIyeMble 3JIEMEHTHI UCIIONB3YIOTCSI B 3JIEKTPOHHBIX MUKPOCKOIIAX,
Macc-CIIeKTPOMETPHUYECKHX NPHOOPAX, a TAKKE B AIEKTPOHHO-JIUTOTPahUUECKUX U HOHHO-IUTOrpadMuecKux ycTa-
HOBKaxX HaHO- M MHMKPOJJICKTPOHHBIX TEXHOJIOTHH. B pe3ysnprare NMpoBeleHHBIX pacueToB OBLI NPOBEAEH CPaBHH-
TENBHBIA aHaMnM3 Kod(pUIMeHToB abeppanuii. PaccMoTpeHHas B paboTe TPEXdANEKTpOAHAs KaTomHAs JIMH3a IpPH
OMPEJICNCHHBIX MapaMeTpax JIMH3bI MO3BOJISIET OCYIIECTBUTh (POKYCHUPOBKY 3apsHKCHHBIX YACTHUIl C HAUMEHBIIUMU
3HAYCHUSAMH abeppanuii.

KaroueBble ci10Ba: KaTto/Has IMH3a, 3JIEKTPOH, HOH, (JOKYCUPOBKa, abeppalius, mpuoop.
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