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In magnetoelectrostatic plasma lenses the strength and spatial distribution of the magnetic and electric fields were
optimized for maximum beam current density in the focal plane. Experimental implementation of the optimization is
difficult because it is necessary to control the electric field strength within the lens volume by measuring the electric
field in the plasma with sufficiently high precision. Here with the help of the computer model, it is proposed and tested
the method of determining optimum potentia distribution on the reference electrodes, by sequentia increasing of a
focused ion beam radius from zero to maximum val ue determined by the lens aperture.
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In [1] optimal spatial distributions of the electric and
magnetic fields were caculated which give maxima
density of the particles current in the focad plane of the
lens. In particular, a the near optima potentid
distribution, the ion trajectories have the view represented
onFig. 1.
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Fig. 1. Trajectoriesof Ta™ionsin alenswith the
potential distribution proportional to B,

An experimental implementation of the calculated optimal
distribution is difficult because it is necessary to control
the distribution of the electric field strength within the
plasma lens volume with sufficiently high precision. For
the avoidance of these difficulties in this work it is
proposed and checked with the help of the computer
mode the method of adjustment of optimal distribution of
the potentias on the reference electrodes by the way of
step-by-step focusing of the ion beam layers from smaller
radius to larger one. The relative postion pattern of
magnetic lines of force and trgjectories of ions being
focused drawn on Fig. 1 directly leads to the way.

Let us consider the Morozov plasma lens with 15
narrow eectrodes assuming linear changing of the
potential between them (Fig. 2). The potentia is
transferred by the magnetized plasma into the lens volume
in such way that the magnetic surfaces coincide with the
equipotential surfaces of the electric field. So the potential
of each point of the lens volume is governed by two
electrodes pairs. While moving through such lens the
focused ions penetrate from the region of zero potentia
into the region of higher potentia with depth of particle
penetration being in a monotone fashion related to the
initial radius. The more initial radius of the ion, the higher
maximal lens potential it achieves. This fact is
conditioned by a variety of reasons. Firdly, the electrodes
potential is in a monotone manner related to the distance
from the center of the lens. Secondly, magnetic surfaces
are nested; the current lines of a beam being focused

without aberrations have the same property. On Fig. 3 the
value of the potentia aong the trgjectory is represented
for protons with various values of initial radius. An ion
with the certain initia radius is got into a region of
influence only those electrodes which potential is not
more than the maximal potentia for given trajectory. On
the ground of this fact we propose the method of
experimental choice of the electrodes potentials.
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Fig. 2. Distribution of the potential on the electrodes
surface
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Fig. 3. The value of the potential along the protons
trajectory with energy 20 keV for various values of initial
radiusR: 1) R=23cm,2) R=3.2cm, 3) R=4.0cm,
4 R=46cm 5 R=51cm 6)R=56cm,
7)R=6.0cm

A wide plane collector with athing central hole 3 is
placed into the focal plane (Fig. 4). Behind the hole
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cylindrical collector 4 is disposed to measure an ion
current density at the focus. First, outside couple of
electrodes is grounded and another ones are connected
together. They are supplied by a potential at which the
current of second collector is maximal. This potentid is
kept on second pair of eectrodes and the potential of the
rest dectrodes is chosen by the same principle. On Fig. 5
the stages of the potentials fitting are represented for 15-
electrodes Morozov lens.
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- } (1) Fig. 5 Sages of fitting of the potentials for 15-electrodes
S e Morozov lens: 1) U; - U;= 1.50 kV;
2 2)U; = 1.50kV, Uz-U;=291kV; 3) U = 1.50KkV,
SN N S Y M S 2SS U,= 291 kV,U;=4.27kV, U, - U; = 5.62KkV;
S 4)U; = 150KV, U, = 291KV, U; = 427 kV,
. - Us = 5.62KV, Us - U; = 7.00KV; 5) Uy = 150KV,

e U,= 291 kV, Uz = 4.27KV, U, = 5.62kV, Us = 7.00kV,
AT —1(2)  Ug-U;=850kV; 6) Uy = 1.50kV, U, = 291KV,
Us = 4.27kV, U, = 562KV, Us = 7.00 KV, Ug = 8.50kV,
U; = 10.5kV
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METOJ ONITUMU3ALIIMU IOTEHIINAJIOB B MATHUTOJ3JIEKTPOCTATHYECKHUX
IVIASMEHHBIX JIMH3AX

B.U. Bymenko, b.U. Heanos

B MarHMTORNMEKTPOCTATUUECKMX IUIA3MEHHBIX JIMH3aX PAaCCYMTAHBl ONTHMAJIbHBIE IIPOCTPAHCTBEHHBIE
pacIipeseneHus 3EeKTPUIEeCKOT0 W MAarHUTHOTO IOJEH, NPUBOASAIINE K MAaKCHMajbHOW IUIOTHOCTH TOKAa YacTHI] B
(OKaNBHOM IUIOCKOCTH JIMH3BL. [IpH WX OKCIICpUMEHTAIBHOW pealu3alidyl BO3HUKAIOT TPYAHOCTH BBUILY
HEOOXOIMMOCTH KOHTPOJIHMPOBATh C OOJNBINONH TOYHOCTHIO PACIpeleiIeHHE HANpPsDKCHHOCTH JJIEKTPHYECKOTO IOJS B
o0beMe MIa3MEeHHOW JIMH3BL. Bo m30exaHune 3TuX TpyJHOCTEH, MPEATIoKeH U ONpoOOBaH Ha KOMIIBIOTEPHON MOJEIH
METO[ T1oa0opa ONTHMAIBHOTO pPACHpEAEieHHs IOTCHIMANOB HA OMOPHBIX 3JEKTPOJaxX JIMH3Bl ITyTEM
TIOCJIE/IOBATENILHOTO YBEIIMUYEHUS paanyca (HOKYyCHPYyEeMOTO MOHHOTO ITydKa OT HyJS A0 MaKCHMAaJbHOTO 3HAUYCHHS,
OTIPEZIETSIEMOTO aTlePTYPOH JINH3HI.

METO/ ONTAMIBAIII IIOTEHIIIAJIIB Y MATHITOEJIEKTPOCTATUYHHMX IIJIA3MOBUX JITH3AX

B.1. Bymenko, b.1. Ieanos

B MarmiToenekTpocTaTHYHUX IUIa3MOBHX JIH33aX PO3PaxOBaHI ONTHMAIbHI MPOCTOPOBI PO3MOIUN €IEKTPUIHOIO
Ta MarHiTHOTO TOJIiB, IO MIPU3BOATH 1O MAKCHMAJIBHOI TYCTHHU CTPYMY YaCTHHOK Yy (OKaIbHiH momuHi JiH3u. [Ipu
iXHIH eKcnepUMEeHTaIbHIM peani3anii BHHUKAIOTh TPYAHOIII Yepe3 HeOoOXiAHICTh KOHTPOIIOBATH 3 BEUKOI0 TOYHICTIO
PO3MOMIN HANpyKEHOCTI ENEeKTpUYHOro mojst B 00’emi muazmoBoi miH3W. 1l[00 yHHMKHYTM LHX TpPYAHOIIIB,
3aIpOIIOHOBAHUN Ta BUNPOOYBAHUI Ha KOMIT FOTE€PHIN MOJeNi MeTox miadopy ONTHMAaIBHOTO PO3MOIITY MOTEHIIATIB
Ha OMOPHHX EJIEKTPOJAX JIIH3M IUIIXOM ITOCIIIOBHOTO 301IBIICHHS pajiyca 10HHOTO ITydKa, 10 (OoKyCyeThes Bix HysA
JI0 MaKCUMaJILHOTO 3HaYCHHSI, 00YMOBIJIEHOT'O allepTYpOIO JIiH3H.
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