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Edge field of deflectorplates with expanding screens

Deflector plates consist of two parallel conductive plates that create a deflecting electric field. They can be
used to control the flow of charged particles — electrons or ions. The effect of the edge field of deflector
plates leads to a change in the velocity of charged particles in the longitudinal and transverse directions, con-
sequently of which their real trajectories change, deviating from ideal ones, which violates the space-time
resolution of corpuscular optical devices in which they are used. Apart from that, the electric field at the input
to the plates of deflector can vary over time, which must also be taken into account when the deflector diverts
the beam of charged particles. Thus, in many cases, the use of deflector plates with open ends is inappropri-
ate, since uncontrolled scattering fields are formed. In this article, we can consider the field of deflector plates
with expanded screens at the output, so that deflecting beams of charged particles can be used at the output of
deflector plates. Using the methods of the theory of complex variable functions, analytical expressions for the
edge field of deflector plates with grounded screens were obtained. Firstly, by grounding the screens and
shielding the plates from the deflection field, we can localize the edge electric field and reduce the uncon-
trolled scattering fields, and secondly, such a field can be accurately calculated analytically.

Keywords: deflector plates, grounded screens, edge field, boundary problem of electrostatics, electron beam
control.

Introduction

Deflector plates are two parallel plates that create a deflecting electric field. In their effect on charged
particle beams, they are similar to the field of a plate capacitor and used for controlling electron beams in
electron beam lithography [1-3], as well as in various electron beam instruments [4-6], and nowadays they
have become a significant element in the ultrafast electron microscopy UEM [7-10], where they are used for
deflections of the electron beam along the aperture when scanning the sample. All of these apps, a highly
important role is played by the spatial and temporal resolution of the electron beam. It is not possible to
achieve an increase in the resolution of the scanning beam without taking into account the effect of the edge
field of deflection plates on the deflection of the beam of charged particles.

The impact of the edge field leads to a change in the electron velocity in both the transverse and longi-
tudinal directions, hence of which their real trajectory deviates from the ideal one and this leads to a violation
of the space-time resolution of KOS. Moreover, the electric field at the entrance to the deflector plates usual-
ly depends on time. Therefore, it is necessary to calculate the dynamic properties of the electron beam after
its deflection by the deflector.

The influence of edge fields in electromagnetic sectors was first studied in the works [11-13], neverthe-
less, the results obtained in these works are difficult to apply to parallel deflector plates because unlike elec-
tromagnetic sectors the curvature of the electron trajectory in the deflector plates is not a constant value. Be-
sides that, in deflector plates, as already noted, electric fields usually change over time, which also requires
additional research.

Note that using the methods of the theory of functions of a complex variable, approximate mathematical
formulas were obtained for the edge field of a plate and cylindrical capacitor with open ends [14, 15]. At that
moment, it seemed to us that we were the first to consider the edge field of a plate and cylindrical capacitor
in this approximation. But when we got acquainted with the work [16], we found in it a reference to the work
of Maxwell [17], who obtained formulas for a plate capacitor at the end of the 19th century. So, we have pri-
ority only for the approximate description of the cylindrical capacitor field. By the way, in the review work
on beautiful fields [16], 3D graphs of the edge fields of plate and cylindrical capacitors are also given. It
should also be noted that in [14, 15] an original method of integrating the equations of motion is also pro-
posed, in which the electric potential and the force function are used as independent variables, and new
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schemes of energy analyzers are calculated using this method [18]. An approximate account of the impact of
the edge field on electron beams was made in [19, 20], but these studies cannot be considered exhaustive.

Experimental

Consider the case when expanding grounded screens are located at the outlet of the deflector plates.
This case is shown in Figure 1, where the grounded screens form an angle an with the reflex plates in the

plane z=Xx+1Yy . In this figure, deflector plates with potential J_rE are represented by thick lines, screens

with potential V, are thin.
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Figure 1. Schematic representation of deflector plates with divergent screens

The mapping of the quadrilateral A A, A, A, with two vertices A and A, at infinity, shown in Fig-
ure 1, to the upper half-plane w=u+iv is carried out by the following conformal Schwarz-Christoffel trans-
formation [21]:

o =yrdw,
oW

Here the following correspondence of the vertices of the quadrilateral to the points of the real axis of
the w-plane is performed: A — —o, A, — -1, A, -0, A, —+1. The boundary value problem in the w-

plane is shown in Figure 2.
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Figure 2. Boundary value problem in the W -plane

Same as in works [22-24], we will consider that the potential of the screens V, =0, and the distance be-

tween the conductive plates is equal d . For the distribution of the potential in the w-plane, we obtain the
following expression:

o(u,v) = v arctgu—+1 —arctg ura +L arctgu—_1 —arctgu_a . 3
21 Vv 2n v v
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The value a >1 depends on the type of transformation (1), that is, on the value of the angle o and on
the length of the deflector plates | .

Results and Discussion

The integral in (1) for rational o is expressed in elementary functions and reduces to the integral of the
binomial differential. So, for o =0 we come to the case considered in [22-24], and for a =1 we get, as in

the case of deflector plates without screens:

d [ I
z=£(e +W+l)+§, 4)
at a=12:
d > w-1| .d.
z=—;{ln(w+\lw —1)— v }+IE, (5)
at a=1/4:

7= %{\/_— 2 [%}——arctgx/_} (6)

Differentiating both parts (1) we find partial derlvatlveS'

dz ox 8y ay (W? —1)°
dw ou 'au av av =C whee ()
Now we find the inverse partial derivatives ou and — ou , as well as Gl and ﬂ:
oX oy’ oX oy
oy oX
B — ®
ox 0xdy_oxoy 'oy 0yox_oxay
ouov oOvaou ouov ouov
oy ox
ﬂ: ou ﬂz ou )
ox  9yox_oxdy 'y 0xdy_dyox
du v au ov ou ov 0ou ov

To find the field of deflector plates with divergent screens, we write down the following expressions for
the derivatives of the potential:
[ 8(p ou G(p ov Jo 6(p ou a(p ov

(10)
ox ou ax oV ox’ oy aou ay ov 8y
To create a picture of the electric field lines the differential equation can be numerically integrated:
o9
ﬂ :%_ (11)
dy 9de¢
ay

Thus, we have built a mathematical model for calculating potentials, as well as for calculating potential
derivatives. It can be used to study the dynamics of charged particle beams in deflector plates with expand-
ing screens.

Conclusion

The work considers the edge field of deflector plates with expanding screens. The complexity of the
problem is due to the fact that it is impossible to explicitly determine the electrostatic potential as a function
of the geometric coordinates of the corpuscular optical system. Therefore, various mathematical techniques
are used to overcome this difficulty. Analytical expressions for the potential, taking into account the type of
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the edge field, are obtained using methods of the theory of functions of a complex variable. The potential
distribution in the upper half-plane is also considered. This made it possible to investigate the nature of the
edge field of deflector plates with expanding screens. It is shown that the use of grounded shields leads to the
localization of the marginal electric field near the edge of the deflector plates. As a result, the use of
grounded screens localizes the edge electric field near the edge of the deflector plates, in an area
characteristic dimensions of which are of the order of the distance between the plates d. Localization of the
edge field also reduces the influence of uncontrolled scattering fields, which increases the accuracy of nu-
merical calculations and their correspondence to the real physical situation.

The results obtained in this work can also be used to describe the edge field of magnets with magnetic
screens.
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KeneiiTisiren sxkpanaapsl 0ap gedieKTOpJIbIK IVIACTUHAJAPABIH HIETKI opici

JlednekTopIIbIK macTHHATIAp — OYJI eKi Mapaiesb OTKI3Till ITaCTHHANIAD, OaP.IbIH KOMETIMEH aybITKHTHIH
3JIeKTp epici skacamagsl. Omap Ko3FayiFaH OeIIIEKTepAiH, SFHU S3JCKTPOHIAPIBIH HEMece HOHAAPIBIH
arblHIapblH  Oackapy YIIiH KoJmaHbuiagbl. Je(IeKkTopiblK IIacCTHHANAPIABIH IIETKi epiciHiH ocepi
3apsATaIFaH OeNIIeKTEepIiH KbUITAMIBIFBIHBIH KOJJICHEH e, OOWIBIK Ta e3repyiHe oKelenl, HOTHKeCiHIe
OJIapABIH HAKThl TPACKTOPUSIAPBI UCANAAH aybITKBIN ©3repeli, Oy onap KOJIaHbUIATHIH KOPITYCKYJIablK-
ONTHKAIBIK KYPBUIFBUIAPIBIH KEHICTIKTIK-yaKBITTBIK ~aXXbIPaTBIMIBUILIFEIH  Oy3anel. COHBIMEH Karap,
nedexTop IUIacTHHANAPBIHBIH KipeGepiciHaeri dMeKTp opici yakbIT eTe Kele e3repyl MyMKiH, COHIBIKTaH
nediekTopMeH 3apsinTanraH OenlIeKkTep LIOFBIHBIH AayBITKBIFAH Ke3iHIe eckepinyi KaxeT. Ocpaiimia,
KOINTEereH JKar[aiylapia ambIK yITapel Oap Ae(IeKTOPIBIK IUIACTHHANAPABI KOJNIAaHy MakcaTThl eMec,
oiiTkeHi Oyn perre OakpUIAaHOAMTHIH ImambIpay epicrepi maiina Oomaapl. Makanaga aedIeKTOPIBIK
IUIACTUHANAPABIH KEHEUTIIreH SKpaHFa IIBIFY Ke3iHAeri epici, sfHH Ae(IeKTOPIBIK IUIacTHHATApAaH
IIBIKKAH 3apsiTaiFaH OeJIIeKTepAiH LIOFBIH KOJJaHyFa OONaTBIHIBIFBI KapacThpbuFaH. KereHai
aliHpIMaJIbl (QYHKIMSUIAD TEOPHSACHIHBIH OMICTEPiH KOJIIAaHA OTBIPBIIN, JKepre TYWBIKTAIFaH SKpaHaapsl 6ap
neIeKTOPIbIK UIACTHHANAPABIH INeTKi oepici VINIH aHaJWTHKANbIK OpHEKTep albIHABL bipiHmmijeH,
JKpaHIap/Ibl JKepre TYHBIKTay JKOHE IUIMTaapIblH aybITKY OpICiH KOpFay apKbUIbl 0i3 IIETKi 2JIEKTp epiciH
JIOKaNM3alMsUIaiiMbI3 JKoHe OakKpUIaHOAWTHIH IIAIIBIpay epicTepiH 0acaMbl3, eKiHINiZEeH, MyHAall epicTi
AHAJIMTHKAJIBIK TYp/E A ecenteyre 0oaibl.

Kinm ce30ep: nedaexTopibIK IIacTHHAIAP, KEPre TYABIKTAIFaH 3KpaHap, METKI opic, 31eKTPCTaTHKaHbIH
HIeKapajbIK ecenTepi, SICKTPOH/BI IIOKIEH 0acKapy.

N.®. Cnusak-JIaBpos, C.Y. [llapunos, A.b. Ceiiten, A.A. TpyOuusix

KpaeBoe moJie 1epieKTOPHBIX IVIACTHH ¢ PACIIHPAIOIIMMUCH IKPAHAMHU

JledekTopHbIe IUIACTHHBI IPEACTABIIOT cO00ii 1Be MapauieTbHbIe POBOASINIE IUTACTHHEI, C MTOMOIIBI0 KO-
TOPBIX CO3/1€TCS OTKIIOHSIONIEECS AIEKTPUUECKOE T0JIe. MICTIONb3yI0TCsl OHM JUIs YIIPABJIEHUs MOTOKaMHU 3apsi-
JKEHHBIX YaCTHIl — 3JIEKTPOHOB MM HOHOB. BrmsiHue KpaeBoro mosis Ae(pIeKTOPHBIX IUIACTHH MPUBOJNUT K M3-
MEHEHHIO CKOPOCTH 3apsDKEHHBIX YaCTHUIl KaK B MONEPEYHOM, TaK M B IIPOJOIBLHOM HalpaBiIeHHUH, B pe3ysbTaTe
Yero W3MEHSIOTCS UX peajbHble TPAaCKTOPUH, OTKJIOHSACH OT MICANbHBIX, YTO HapyllaeT MPOCTPAHCTBEHHO-
BPEMEHHOE pa3pellieHHe KOPIyCKYIIPHO-ONTUYECKUX YCTPOMCTB, B KOTOPBIX OHU HCIONB3YI0TCA. KpoMme Toro,
SIIEKTPHIECKOE I0JIe Ha BXOJE B IUIACTHHEI Je(hIeKTopa MOXKET M3MEHSTHCS BO BPEMEHH, NTOATOMY 3TOT (aKT
HEOOXOJIMIMO YUUTHIBATH PH OTKJIOHEHHH ITydKa 3apsDKeHHBIX JacTHl aedexropom. Takum o0pa3oMm, BO MHO-
THX CHTyalUsX NpUMEHEHHe Ne(IIeKTOPHBIX IUIACTHH C OTKPBHITBIMH TOPLAMH OKa3bIBaeTcsl Helerecoodpas-
HBIM, TaK KaK BO3HHKAIOT HEKOHTPOJHPYEMBbIe TIOJIsl paccessHus. B HacTosIel paboTe Mbl pacCMOTpEIH ToJie
ne(IIeKTOPHBIX [UIACTHH C PACLIMPSIONIMMUCS Ha BBIXOJIE SKpaHaMH, JUIS TOr0 4TOOBI Ha BBIXOAE M3 JIediiek-
TOPHBIX IUTACTUH MOXHO OBIJIO HCIOJIBb30BATh PACXOIALIMIICA My4OK 3apsDKeHHBIX yacTHll. C IMOMOIIBIO METO-
JIOB TeOpHH (DYHKIUH KOMIUICKCHOH MepeMEHHOH MOMyueHbl aHAJNTHUECKHE BBHIPAXKEHUS U1 KPAacBOTrO IOJS
Je(IIeKTOPHBIX TUIACTHH C 3a3€MJICHHBIMH 3KpaHaMH. Bo-TiepBbIX, 3a3eMIIsisl SKpaHbI U SKPaHUPYS OTKIIOHSIO-
niee noJje INIACTHH, Mbl JIOKAJIU3yeM KPaeBoe JIEKTPUIECKOE M0JI€ U MOJABIIIEM HEKOHTPOIMPYEMBIE TI0JIS pac-
CesTHHUSI, @ BO-BTOPBIX, TAKOE IT0JI€ MOXKET OBITh TOYHO PACCUMTAHO AHATUTHIECKH.

Knioueswvie cnosa: IIe(i)J'IeKTOpHI:Ie ITaCTHUHBI, 3a3€MJICHHBIC 3KPaHbl, KPAa€BOC I10JIC, T'paHUYIHAad 3a/ja4a 3JICK-
TPOCTATHUKH, YIIPABJICHUE DJICKTPOHHBIM ITYYKOM.
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