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This article presents the results of ion scattering from the surface of a thin film of CdTe (001) < 110>, obtained using ion stripping
spectroscopy. The trajectories of scattered Ar' ions were obtained and analyzed. with an initial energy of 1 keV and at angles of
incidence y=3° and 7°. It is shown that the trajectories of scattered ions from the surface atomic row, from the wall of the semichannel
and from the bottom of the semichannel differ from each other. The first trajectories of scattered ions from a surface semichannel
consisting of five Cd and Te atoms arranged layer-by-layer in two layers were obtained. The shapes of these three types of trajectories
are discussed and the energies, scattering coefficients, and inelastic energy losses of the scattered ions are calculated. It is shown that
the energy values, scattering coefficient and inelastic energy losses of scattered ions from surface atomic rows differ little from each
other. For ions scattered from the wall of the semichannel and from the bottom of the semichannel, the values of these parameters lie
in the range.
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INTRODUCTIONS

The use of ion probing is one of many available methods for studying surfaces. And it provides a wide range of
energies and the ability to obtain information about composition and structure, using many equipment. One of the methods
is the ion scattering spectroscopy method. The range of energies used in ion scattering is usually divided into three parts.
Low energy ion scattering (LEIS, energies 500-10 keV), intermediate energy ion scattering (MEIS, 10-600 keV) and
high energy ion scattering (HEIS, >1 MeV), these definitions have never been rigid. Ion scattering research did not
become widespread until the early fifties of the last century and was concentrated mainly in the HEIS energy region.
These studies tested the two-body collision model and found it to be applicable and ultimately led to the development of
Rutherford backscattering (RBS). Lower energies were carried out in the late fifties of the last century [1-4], which found
that the maximum energy of scattered ions corresponds to the prediction of the classical model of successive collisions.
This was followed by the development of this line of research, which applied this method to the analysis of the elemental
composition in the outermost monolayer, this led to a rapid increase in the number of studies on ion scattering. There is
currently active research into many aspects of ion scattering, such as ion neutralization and the effects of different work
functions or the determination of the universal scattering potential [5-9], and there is considerable interest in its
application to the determination of surface structures.

It is known that CdTe thin films belong to A"™BY! semiconductor compounds, which. And also, CdTe-based solar
cells attract attention because CdTe is characterized by direct energy band gap E, and high absorption coefficient, which
makes CdTe an excellent light-absorbing layer of solar cells. Therefore, obtaining and studying CdTe films is of great
interest. And this work presents the results of studying the CdTe surface using the ion scattering spectroscopy method.

RESEARCH METHOD AND RESULTS

In the region of medium energies, the trajectories of colliding particles are determined to a first approximation by
the forces of elastic interaction of atoms. These forces arise from the Coulomb forces of interaction between nuclei and
electron atoms and, therefore, act at any distance between the interacting particles. Consequently, to calculate the
trajectory of an incident ion, it is necessary to consider its interaction in the crystal lattice with all atoms simultaneously,
which is very difficult. But at not very low energies, ion — atom collisions can be considered as isolated pair collisions of
particles. Confirmation that the lattice atoms are free during collisions, i.e. behave like atoms of a dense gas, are the
results of a study of the interaction time and energy of colliding particles [10-14].

In the pair collision approximation model, it appears that a particle of mass M, with atomic number Z,, with speed vo
(and kinetic energy Eo), collides with a stationary target atom of mass a M, and atomic number Z,. As a result of interaction,
the incident particle is scattered in the laboratory coordinate system at an angle 6, relative to the direction of its initial
motion. In this case, the target atom as a result of the collision begins to move in a direction that makes an angle of 6, with

Cite as: Sh.R. Sadullaev, U.O. Kutliev, A.Yu. Saidova, G.O. Jumanazarov, R.R. Ruzmetov, East Eur. J. Phys. 2, 206 (2025), https://doi.org/10.26565/2312-
4334-2025-2-21
© Sh.R. Sadullaev, U.O. Kutliev, A.Yu. Saidova, G.O. Jumanazarov, R.R. Ruzmetov, 2025; CC BY 4.0 license


https://doi.org/10.26565/2312-4334-2025-2-21
https://periodicals.karazin.ua/eejp/index
https://portal.issn.org/resource/issn/2312-4334
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1892-440X
https://orcid.org/0000-0003-2241-2025

207
Investigation of Ar+ Ions Scattering from the Surface of CdTe(001) <110> at the Glancing... EEJP. 2 (2025)

the initial direction of the incident particle. Applying the law of conservation of energy and momentum to an elementary
act of interaction, we obtain for energy E; scattered particle the following relationship:

E, = (1+ ) Ey(cos 6, = [(fu) —sin’ )’

For the particles, interaction description the Ziegler — Biersack — Littmark (ZBL) potential [15] with regard to the
time integral was used. The ZBL approximation for the screening function in the Thomas — Fermi potential takes into
account the exchange and correlation energies and the so-called “universal” potential, obtained in this way shows good
agreement with experiment over a wide range of interatomic separations. To estimate the in elastic energy loss in an
elementary collision event, we used the Firsov formula modified by Kishinevsky [16].

In Fig.1. a semichannel formed on the surface of CdTe(001) <110> and a diagram of ion scattering from this
semichannel are presented. The depth and width of the semichannel are 2.28A and 4.64A, respectively. Here s is the
incidence angle, ¢ is the azimuthal scattering angle, and & is the polar scattering angle. In our calculations, the aiming
point is a is divided into coordinates I and J, which presented on the Fig.1. It should be noted that with increasing
coordinates I we cover the entire width of the semichannel Due to the symmetry of the semichannel, it is enough for us
to use 1/2 in our calculations, since we can symmetrically cover the entire width of the semichannel. Kinematics of the
elementary act of collision of two particles within the framework of classical mechanics, making it possible to establish
a connection between the characteristics of particles before and after the collision. Velocity (energy) of an incident ion
with mass m; after the collision were determined by the laws of conservation of momentum and energy.

Figure 1. Semichannel and ion scattering scheme

In Fig. 2. a semichannel on the CdTe(001) <110> surface and the trajectories of scattered Ar" ions after bombardment
at grazing angles are presented. In the calculations, the angle of incidence was y=3° and 7°, and the initial energy was
1 keV. In Fig. 2. the trajectories of scattered ions at y=3°are presented. At first glance, one can see different trajectories
of the scattered ion. Some of them end inside the semichannel and this shows that ions are implanted inside the crystal. It
should be noted that reflections from the surface atom and the bottom atom of the semichannel are clearly visible. To
understand the whole picture of the ion scattering process, we divide these trajectories into 3 groups. The first are the
trajectories of scattered ions from the surface atomic row (1), second — from the wall of the surface atomic semichannel
(2), and the third — from the bottom of the semichannel (3). The figure also shows that in these three areas there are
stepped dense areas (7 pieces). Calculations have shown that dense areas are formed due to parallel trajectories, i.e., the
trajectory incident and reflected particles do not diverge. Such trajectories can be observed in the three groups mentioned
above. These three trajectory groups are shown separately in Fig. 3.
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Figure 2. Trajectories of scattered Ar*ions from the surface of CdTe(001) <110> at y=3° and E¢=1 keV.
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Fig. 3a shows the trajectories of ions belonging to the first group, i.e. trajectories of ions scattered from the surface
atomic row. It can be seen that at initial values of I, trajectories are observed whose projections of the incident and
scattered parts are almost parallel. The parallelism is especially clearly visible when I = 1. And starting from I = 2,
deviations from the original direction occur. It can be seen that further increases in the value of I lead to deviations from
the initial direction towards the center of the semichannel. This is explained by the fact that as the value of I increases,
the incident ions begin to collide with the edges of the surface atom and change their trajectories towards the center of
the semichannel. Early calculations showed that the ions scattered from the surface atomic row have an energy of 991 eV,
the scattering coefficient is -7, and the inelastic energy loss is -8 eV. This shows that the bombarding ions will lose about
10% of the initial energy at a grazing angle y=3°.

In Fig. 3b. some trajectories belonging to group 2 are presented. These trajectories have different shapes. It can be
seen that these trajectories also have trajectories in which the incident and reflected parts are similar. These trajectories
are formed by scattering of ions from the surface atomic row and the bottom of the semichannel. Therefore, the projection
trajectories are curves. And also, trajectories were observed that were not similar to the incident reflected part. This shows
that the ion is first scattered from the surface atomic row, and then scattered from the atom located at the bottom of the
semichannel and leaves this semichannel. There is also a trajectory similar to a loop (red trajectory). This trajectory is
formed due to the scattering of the ion from the surface atomic row, then from the bottom of the hemichannel, and then
again from the surface atomic row before exiting the hemichannel. Early calculations showed that ions scattered from the
surface atomic row have an energy in the range of 968-980 eV, a scattering coefficient in the range of -14-30, and inelastic
energy losses -15-29 eV.

In Fig. 3c. The trajectory of scattered ions belonging to group 3 is presented. It can be seen that the trajectory of the
ions has an almost parallel shape to each other. And these ions remained (implanted) inside the crystal and before that
were first scattered from the bottom of the semichannel, and then from the surface atom. They have the same physical
parameters (energy 981-987 eV, dissipation coefficient -14-16, inelastic energy losses -12-17 eV).
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Figure 3. Trajectories of scattered ions from the surface atom (a), from the wall of the semichannel (b) and semichannel (c) of the
CdTe(001) <110> surface at y=3° and Eo=1 keV

We also simulated the trajectory of Ar"ions scattered from the surface of CdTe(001) <110> at y = 7°, with an initial
energy of 1 keV (Fig. 4). It can be seen from the figure that the dense areas have become blurred and their step is equal
to 3. This indicates that the changes in the reflected part from the incident one have increased. Note that reflections from
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the surface atom and the bottom atom of the semichannel became more accurate. It is also clear that at this sliding angle
the number of implanted ions has increased.

In Fig. 5a. the trajectories of scattered ions from a surface atom is presented. It can be seen that the steel trajectories
were still moving towards the center of the semichannel than at the incidence angle y=3° and accordingly the energy of
the scattered ions decreased to 959 eV, the collision coefficient was equal to 3, and the inelastic energy loss was -7 eV.
In Fig. 5b. the trajectories of scattered ions from group 2 are presented. The difference between these trajectories and the
case at y=3° is that the upper part narrowed and the lower part became wider. The energy of scattered ions is 935-984 eV,
the collision coefficient is 7-12, inelastic energy losses are 15-23 eV. The trajectory of scattered ions from the bottom of
the semichannel is shown in Fig. 5c. It can be seen that the ions, scattering from the bottom of the semichannel, were
implanted into the crystal. The energy of these ions is -992-995 eV, collision coefficient is 4, inelastic energy losses
are 4-6 eV.
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Figure 5. Trajectories of scattered ions from the surface atom (a), from the wall of the semichannel (b) and semichannel (c) of the
CdTe(001)<110> surface at y=7° and Eo= 1 keV
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CONCLUSIONS

Ar" ions from the surface semichannel formed on the surface of CdTe(001)<110>. Trajectories were obtained at the
angle of incidence y = 3° and 7°, with an initial energy of 1 keV. The influence of increasing the grazing angle on the
trajectory of scattered ions is shown. It has been established that an increase in the angle of incidence of bombarding
particles leads to a change in the trajectory of scattered ions. With increasing angle of incidence of ions, The Ar* part of
the trajectory that is located inside the semichannel narrows and therefore it becomes clearer to obtain information about
the location of the atoms on the surface and bottom of the semichannel. And the trajectories of scattered ions from the
surface atom were not subject to change.
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JOCIII)KEHHS PO3CIFOBAHHSI IOHIB Ar+ BIJI IIOBEPXHI CdTe(001) <110> ITPY KOB3AIOUOMY ITAAIHHI
LI.P. Cagyanaes?, ¥.0. Kyruies?, A.1O. Cainosa?, I'.O. l:zxymana3zapos?, P.P. Py3meros®
“Vpeenucvruii Oeporcasnutl ynisepcumem imeni Aoy Patixana Bepyni, hakynemem ghizuxu,
eyn. Xamioa Onimoscana, 14, Ypeenu 220100, V36exucman
bBiticoxoso-axademiunuii niyeii imeni JJocanoniodina Manzybepoi, Ypeenu 220100, Y3bexucman

V wiit cTaTTi HaBe#eHO pe3yabTaTh po3ciroBaHHs i0HIB Ha moBepxHi ToHKOI miiBku CdTe (001) < 110>, orpumani 3a HOMOMOror
i0HHOI cTpUMII-ceKTpockorii. OTpUMaHO Ta MPOaHaTi30BaHO TPAEKTOPIT po3CisiHUX i0HIB Ar+. 3 TouaTkoBorO eHeprieto 1 keB i mpu
KyTtax naminas Y=3° i 7°. [loka3aHo, 0 TpaeKTOPii pO3CISTHUX 1OHIB BiJ TOBEPXHEBOT'O PSY aTOMIB, BiJl CTIHKH IiBKaHAaJy i Bix IHA
miBKaHaIy BiJPI3HAIOTHCS OHA BiJ 0HOT. OTPHMaHO HEpIIi TPAEKTOPil PO3CISTHUX 10HIB 3 TOBEPXHEBOI'0 IMiBKaHATY, 1[0 CKIAIa€ThCS
3 m'atu atomiB Cd i Te, po3ramoBaHux momapoBo B aBa mapu. OOroBoproroThCs (OPMH LUX TPHOX THUIIB TPAEKTOPiH i
PO3paxoBYIOTBCS €HEPTii, KOe(ii€eHTH PO3CIIOBaHHS Ta HEMPYXKHI BTPATH €Heprii po3cisHux ioHiB. [TokazaHo, M0 3HaYeHHS €HEprii,
Koe(iIieHTa PO3CISTHHS Ta HENPY>KHUX BTpAaT €Hepril po3CisHUX i0HIB IOBEPXHEBHUMHI aTOMHHUMH PSIaMH MAJIO BiIPi3HSIOTHCS OIWNH
Big oxHOro. Js i0HIB, PO3CISIHMX BiJ CTIHKM HANiBKaHATy Ta BiJl JHA HaliBKaHAJy, 3HAUYCHHS IIMX MapaMeTpiB JIEkKAThb B MEKax
JiamnasoHy.

Kuro4oBi ciioBa: xomn'tomephe mooenosanns, po3citoeanHs ioHie, NIGKAHATbHUL, MPAEKMOPIsSL PO3CIAHUX [OHIE



