IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS You may also like

Conversion of the electrostatic energy analyzer of i dmanc e

. . . V. V. Vedyushkina (Fokicheva) and A. T.
charged particles into double spectrograph regime Fomenko

. - New electrostatic energy analysers with a
in energy and angle bounded oyindrical feld
A M llyin and | A llyina

To cite this article: A O Saulebekov et al 2016 IOP Conf. Ser.: Mater. Sci. Eng. 110 012005 - An electrostatic face-field energy analyser

View the article online for updates and enhancements.

Q
.

ECS Membership = Connection

ECS membership connects you to the electrochemical community:

* Facilitate your research and discovery through ECS meetings which convene
scientists from around the world;

* Access professional support through your lifetime career:
* Open up mentorship opportunities across the stages of your career;

* Build relationships that nurture partnership, teamwork—and success! c

Benefit from connecting
with your community  Join ECS! Visit electrochem.org/join

This content was downloaded from IP address 37.208.47.212 on 21/06/2022 at 04:40


https://doi.org/10.1088/1757-899X/110/1/012005
https://iopscience.iop.org/article/10.1070/IM8602
https://iopscience.iop.org/article/10.1070/IM8602
https://iopscience.iop.org/article/10.1088/0957-0233/16/9/012
https://iopscience.iop.org/article/10.1088/0957-0233/16/9/012
https://iopscience.iop.org/article/10.1088/0957-0233/18/3/023
https://iopscience.iop.org/article/10.1088/0957-0233/18/3/023
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssdb93sUxEwhSLQdAy7_KMPBtQVH-ScdOup4H2fLaXgA0qhCAknq7hbrKc-4rfHT9ADau5f1X9srWWN93pd10jzCHwzO6Am6ZLMHq1z8WSACH0KX2__evncRWIWzk13p5Y8_TlPNFLPW9GrEXCiygYACUZP9IQFfuOr67_drtn0VbySIjKUaU5qCVKL3lgBxyMEtQfkNgYjL1ztJw2JblgJytZn1eFfpqUEj5Yo09J5sHNvM3Qs728z8oXOsyOI2wmhdPL5NEYLh3siMgN6FnzbytM_AuV-vjk&sig=Cg0ArKJSzCSJABCM92Ti&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/individual-membership%3Futm_source%3DIOP%26utm_medium%3D1640x440%26utm_campaign%3D2022Membership%23community

Conversion of the electrostatic energy analyzer of charged
particles into double spectrograph regime in energy and angle

A O Saulebekov', Zh T Kambarova® and S N Assylbekova®

' Lomonosov Moscow State University, Kazakhstan branch, Kazhimukan str.11,
Astana 010010, Kazakhstan

®Ye.A. Buketov Karaganda State University, Universitetskaya'str) 28, Karaganda
100028, Kazakhstan

3 Nazarbayev Intellectual School of Physics and Mathematiesin Astana, 31" str. 37,
Astana 010000, Kazakhstan

E-mail: saulebekov(@mail.ru

Abstract. The possibility to convest#tlie, combined €lectrostatic energy analyzer of charged
particles into double spectrograph fegime'in energy and angle has been studied. The analyzer
consists of the hyperbolic,and e¥ylindsical mirrors. The correlation, expressing condition of the
first-order focal line straightenihg of the particles beams of various energies, has been
obtained. The possibility of simultafieous registration of the finite energy interval of charged
particle distribution byfmeans of'@position-sensitive detector has been substantiated.

1. Introduction

In modern research rapiditysef analysis and its informative value play an important role. Spectrograph
regime allows to the conductisimultaneously analysis of charged particle beams in a certain energy
interval, and angular_analysis/allows to get information about the electronic structure of the surface
region of the solid. ln"space, research for analysis of the energy spectrum of particles electrostatic
analyzersaféused for a long time. Using the spectrograph regime is also actually.

Thedeonversion offelectrostatic energy analyzer of charged particles into the spectrograph regime
involvesythesolvifig of the problem on focal line straightening. The analyzer focal line is a focus of
foci of beams of various energies. Usually its shape is complicated and differs from straight. Position-
sensitive detegtors have a simple configuration as a plane strip, part of a cylindrical surface or a right
circular cone. Consequently it is necessary to solve of the problem on the focal line straightening and
to identify the optimal regime of its alignment with the detector surface. Only on the basis of these
data it is possible to predict the effectiveness of the energy analyzer conversion into spectrograph
regime.

As a criterion of focal line straightening the equality of the slope angle of the tangent to the focal
line to zero was accepted, which leads to the condition dA/de =0, where & =(W -W, )/Wo is the

kinetic energy spread in a beam. This condition should be considered together with condition of the
angular focusing of charged particles beam.

In work [1] criteria of the second-order focal line straightening on divergence angle in the
symmetry plane for systems, composed of electrostatic mirrors with two-dimensional fields having a



symmetry plane, was derived. The system composed of successively arranged two coaxial cylindrical
mirror analyzers, allowing focal line straightening in terms of maintaining second-order angular
focusing in a wide energies range, has been calculated. The results of calculations of the
characteristics of the energy analyzer composed of two successively arranged electrostatic hyperbolic
mirror analyzers in regime of the focal line straightening and the second-order angular focusing were
presented. It was shown that in these two cascade systems the high quality of focal line straightening
and focusing of beams of various energies along it is carried out.

In work [2] the possibility to convert the electrostatic energy analyzer composed of a spherical
mirror (SM) and a cylindrical mirror (CM) to double spectrograph regime (in energygand azimuthal
angle) has been theoretically substantiated. The second-order focusing of charged particles beams of
various energies along the straightened focal surface is conserved. This surface shaped as aybelt of a
right circular cone. The concrete scheme of energy-angle resolved spectrograph hasybeen calculated.
The advantage of the proposed scheme of spectrograph is the property to analyze changed particles

beams emitted by the source at angles close to a right angle (90°).

Earlier, in work [3] we proposed scheme of combined energy analyzer compesed” of successively
arranged hyperbolic mirror (HM) and CM. The scheme for an energy-/and angle-resolved
spectrometer which provides angular second-order focusing, high, luminosity afid exit angle 90° from
the source has been theoretically substantiated. This focusing angle allows building an effective
diagram of angular measurements. The proposed electron-optical scheme can be oriented in the double
spectrograph regime in energy and angle.

The aim of this work is study the possibility ofgeonversion of HM and CM system into
spectrograph regime.

2. Solving of the problem on focal line straightening in‘combined system composed of
hyperbolic and cylindrical mirrors
We shall use the formalism proposed in work, [2]%oer" study the possibility to convert an electrostatic
energy analyzer into the double spectrograplydegime in energy and angle. It is necessary to
maintaining angular focusing along astraightened focal line.

The scheme of energy analyzer isishown)in Fig.1 [3]. The energy analyzer consists of successively
arranged HM and CM. A chargéd partielesfan-shaped beam is injected into the system, the beam mid-

plane being perpendicular to the symmetry axis z (a<90°). A point-like source is placed at the z axis.
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Figure 1. The energy analyzer scheme. 1 — the source of a charged particle beam, 2 — HM, 3 — CM, 4
— the transparent conical electrodes, 5 — the hyperbolic electrode, 6 — the source image, 7 and 8 — the
CM block electrodes.



The slope angle of a tangent to the focal line is determined by the relation

de
=0 d 2

Focal line straightening requirement implies that di(tg 7/) =0, it results in the following equation:
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The derivatives dA/de and d*A/d&” are defined by the relations derified “@s_adresult of

differentiation of the angular first-order focusing condition dl/d a| =0 with respect to &, which
a=ay

involves A(g) as a parameter. “Strengthening” of focal line straight€ning criteriom, (2) carried out by

the imposition of extra requirement. This requirement is the angularn second=0rder focusing condition
along the straightened focal line:
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The set of Egs. (2) and (3) is the criterions of the s€cond-orderifocal line straightening.
All parameters with length dimension are expressed th,units Of central radius r, of HM deflecting

electrode. The length of the projection ofja charged particle trajectory to the symmetry axis z in the
section from the point-like source to its@gmage,[3]:
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- reflectionparameters of CM; 6, = e I eX A isa quantity defining the distance of an image from
0

the enctgy analyZer's z axis, u=r,/r, is a coefficient that determines the quantity of inner cylindrical

electrode radius r, in units of r,, the radius of the trajectory vertex in the CM field is calculated from

equation I, = exp( P? ) .

As a criterion of focal line straightening of system, we accepted the equality of slope angle of a
tangent to the focal line at the point of its cross with the axial trajectory of the beam.
The first requirement imposed on the parameters of a mirrors system is the angular first-order

focusing condition dl/d 0:|O£:gOO =0. From it for the mirrors system follows:
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S = fzﬂsina (7)
qu,

- reflection parameters of HM, connecting its geometrical and energy characteristics,
w=P6, +P’(1+2R4,).
The second requirement is the focal line straightening of the charged particle beams of various

kinetic energy. We shall differentiate of the expression (6) with respect to ¢ and equate the result to
zero. We obtain the equation expressing the first-order focal line straightening condition of o in a

direction parallel to the symmetry axis of the system dl/d a|a:900 =dA/d g|a:900 =0.

Independent variables g, S, ¢, B, included in the equation of first-order focal liie straighténing can
vary over a wide range. However, there are limits on the ratio of the radii = 0,51 Fhis isjustified,

because it reached a reasonable compromise in the selection values of“the electron-optical
characteristics of the combined energy analyzer. In addition requirements”fox, comstruction of real
scheme of spectrograph will also be simplified.

The base detail of spectrograph is an inner cylindrical electrode, @s well @s_in’'commercial devices
with widely known cylindrical mirror analyzer [4, 5]. In the bodyofi thisyelectrode must be made two
aperture windows. Aperture windows covered one-dimensional grids of nichrome wire with thickness
of 0.15 mm, placed along the generators of cylinder by 1 mm gpacing.

When selecting the radius size of the inner cylinder through the reflection parameters of the HM
and CM (Egs.(5) and (7)), the others geometric and energypparameters of the combined analyzer are
calculated.

3. Conclusions

The double spectrograph of charged particle?beams (in energy and angle) composed of electrostatic
hyperbolic and cylindrical mirrors hasgbeemn, studied. It is shown that in case of simultaneous
registration of the distribution of charged particlés of the finite interval in both energy and angle the
focal surface has shape of truncate cone. As a‘eriterion of focal line straightening the equality of slope
angle of a tangent to the focal line at®he point of its cross with the axial trajectory of the basic beam
was accepted. The relation for thejcondition of first-order focal line straightening of particles of
various energies in the combined systém of mirrors has been established.
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