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Abstract

Recently, many publications [1-6] have appeared, The induced fields create a channeling [| Slightly tapered glass capillaries with micro or submicro
in which the mechanism of focusing of ion beams effect when a plate or film with channels, order outlet_ dlameters_ attract much attention as ion
in porous dielectric structures is experimentally inclined at angles of 0-20 degrees to the [ beam focusing lens. It is well accepted that slow highly
investigated. This self-organizing charge-up axis of the incident ion beam, captures the charg_ed lons such e 8 keV Ar8+ are QU_'ded C_'UG to t_he
mechanism is called the capillary guiding effect. It beam, changing the initial direction of its | charging up of the inner wall [5-6]. During this guiding
consists in the fact that the ion beam induces a movement, leading to the channel axis, _the lons are gently deflected, therefore, the transmitte_d
layer of surface charges on the walls of such while maintaining a sufficiently large [ ons sufter no energy loss and the charge state Is
structures, which forms an analog of the coefficient of ion transmission through micro ma!ntalned. The TOCUS'HQ factor of a gl_ass capll!ary,
waveguide that reflects the beam from the walls. channels. This effect takes place for small defined as the ratio of areal current de_nsny at t_he_lnlet
Thus, the initial ion beam is not only focused initial ion energies (up to several kilovolts) and qutlet, depends on the ion SpPeCIES, the Incident
inside the channel, but also is able to change the | [1-4]. energies and the shape of glass capillary. For example,
direction of its movement in the direction along the In simulations by Monte-Carlo method the [ the focusing factor of 2 MeV He+ beam Is about 1000
axis of the channels, if these channels are located | beam of 3 keV Ne7+ ions with random initial || and for 8 keV Ar8+ it is about 10. Two factors are
at an angle to the direction of the initial movement data comes to the pore of 0.2 um diameter, concelvable_ as the me(_:hanlsm of foc_:usmg, one is the
of the beam. A detailed study of this mechanism is 10 um length, 5 degrees tilt angle. Particle above_—mentloneo charging up Qf the inner wall and the
possible only on the basis of a meaningful injection stops at the time moment t=1/3 7. | other is the small angle scattering by the surface atoms
theoretical model that takes into account the The surface charge growth and particle nuciel. | |
probabilities of elastic reflections and charge dynamics shown below. The dependence of focusing effect on capillary taper
exchange of ions when they collide with pore angles were examined. The results suggest that the
walls, depending on the parameters of the initial small angle scattering plays a significant role in focusing

of 6.4 MeV ions. The caplillary is made of borosilicate
glass pipe, which has 1.8 mm and 3.0 mm inner and
outer diameter, respectively. The outlet diameter i1s 100
Im for energy spectrum measurements [5]. Differently
tapered capillaries are prepared by changing the pulling
force of the puller.

beam and the properties of the material of the
porous structure. The author’'s experience In
numerical modeling of charged particle beams In
microchannel plates [7-8] allowed him to develop
algorithms and programs for modeling guiding
effects of ion beams and to carry out calculations
to study the detalls of the guiding mechanism and
compare numerical results with experimental data.

Results of numerical simulations

Guiding effect in the micro pores

Initial, intermediate and final stages of surface charge accumulation. Blue Figures below shows the Capillary focusing effect for
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Surprisingly, the majority of ions were found to E:Jin_TCQ(t)’ o=t |
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survive the surface scattering events in their initial
charge state. The angular distributions of the
transmitted particles indicate propagation of the

Q — charge on the wall, lin — injection current, T, - charging
time, 1,- relaxation time.

jons along the capillary axis [1]. Solution
When ions pass through micro channels with (Qm{l_exp[t]_,tqc,
dielectric walls, the following processes take place: Q(y) = Fe /]
1. The absorption of an ion when it collides with Qmexp(—t_rc\,t>rc.
L &)

the channel surface with a probability Ra, which

depends on the energy of the Incident ion, the
angle of incidence, and the characteristics of the
wall material. In this case, the ion charge “sticks”
to the wall, inducing an electric field in the
channel, which will affect the particles moving In
the channel.

2. The relaxation of charges on the channel wall at

Primary ions shown with blue color, back scattered ions — with red color. Top picture has
X.Y scale 1:1, .bottom picture has scale 1:10 Current density compression is 91.
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3. An 1on that touches the wall with a certain Chargilng process for 1, = 1.25 min, T, = 20 min (red); T, = 2.5 min, 1, = 40 N
probability Pe is elastically reflected from the | ™" " / \\

wall.
4. For an ion of multiplicity n that hits the wall, k'
there I1s a probability Pn of quasi-elastic

Rutherford scattering on the atoms of the wall |. I T
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with a loss of charge, that is, converting it into |°

an lon with a multiplicity of one less (recharging T /1 \x \
process). The lost charge “sticks” to the wall, L0801 Energy spectrum of transmitted ions with and without capillary.
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creating an induced field. The probabilities of | ...’ \\/T/ L HE_/
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more than a single charge loss at the first stage
can be neglected. Energy spectrum for multi-charged ions at the exit of micro channel. References

Initial energy of the beam equals to 3 keV.
1. N. Stolterfont, J.H. Bremer, V. Hoffmann et al., Phys. Rev. Lett. 88,
133201 (2002).

Computer code Monte Carlo Simulator “MSC-ions” under Linux and 2. N. Stolterfoht, R. Hellhammer, P. Sobocinski et al., Nucl. Instr. Meth.
- B 235,
Windows platforms 460 (2005).
The code MCS is full 3D Monte Carlo simulator with friendly user’s interface and graphical post- 3. D.H. Li, Y.Y. Wang, Y.T. Zhao et al., Nucl. Instr. Meth. B 267, 469
processor. Numerical models include the angular, energy and spatial distributions for the injected (2009).

. - - - - : - 4. Z. Juhasz, B. Sulik, S. Biri et al., Nucl. Instr. Meth. B 267, 321 (2009).
mu!tl gharged ons. They_lnclude alsc_) the frlng_e fields, recharging, absorption and sec_ondary 5 T Nebiki D. Sekiba. H. Yonemura et al.. Nucl. Instr. Meth. B 266.
emission effects in cylindrical and conic-shape micro- and nano pores. The code can provide the 1324 (2008).
numerical study in order to evaluate all needed parameters of realistic devices: gain, transit time 6. F.F. Komarov, A.S. Kamyshan, P.A. Grishin, Il Nuovo Cimento C 34

U iriba - - - - No4, 365 (2011).
Spread, ar_lgular, energy and _spatlal d_lstrlbu_tlons of primary an_d se(?ondary part_lcles In pre defined 7.V lvanov. Computational methods, optimization and synthesis in
cross-sections. Typical CPU-time for simulation of 1 million particles is 1 to 10 minutes at desktop or electron optics.- Hmbg: Palmarium Academic Publishing, 2016.-525 pp.

laptop computer with 1.8GHz CPU. The massive computations of. statistical properties of amplifiers 8. B. ViBaHoB. MeToaonors KomMnbIoTepHOro NPOEKTUPOBaHMS
demand parallel computations at super computers or PC-clusters. MUKpOKaHarbHbIX yeunuTenein.- Hosocubupcek: Hayka, 2019.- 213 c.




