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Scattering of Ne* ions at small angles of incidence from a stepped InGaP(001) <110> surface by the
Eo= 5 keV was simulated using computer simulation. The trajectories of dechanneled ions from defect surface, as
well as their energies at the scattering and scattering angle, are studied. It is shown that before dechanneling, the
frequency and amplitude of the trajectory of ions, which move the surface channel formed by the stepped atom,
increase. The energy distributions of these ions are obtained and the part of the spectrum corresponding to these
ions is determined. It has been established that the energetic dechanneled ions formed low intensity peaks on the

low-energy part of the spectrum.
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Introduction

The study of the surface properties of solids is one of
the main directions in the creation of microelectronic
elements. When studying surfaces, many spectroscopy
methods are used. Along with this, ion scattering
spectroscopy is also used. This method considers the
interaction of ions with surface atoms. At the beginning
of research on the scattering of ions by the surfaces of
solids, it was rather difficult to conclude that the
interaction of a scattering ion with the atoms of a solid
was a pairwise interaction. Experiments proceeding from
a gas discharge, where the energies of the bombarding
particles are low and the conditions on the surfaces of
massive targets are almost always rather uncertain,
contributed to the development of the concept of
reflection as from a solid wall [1-7]. Very well-
established systematic fundamental, experimental studies
of the spatial and energy distributions of reflected
particles from the surfaces of solid bodies with a
disordered arrangement of atoms and ionized recoil
atoms using equipment unique at that time made it
possible to reliably establish that in the case of heavy
ions, sharp peaks are observed in the energy distributions
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of reflected particles , whose position on the energy scale
corresponds to a single quasi-elastic scattering of
bombarding particles on individual target atoms. It was
shown that in the case of reflection of light ions, single
peaks are observed only at sufficiently low energies; as
the ion energy increases, the distributions broaden and
take on a domed shape. Currently, these obtained results
have been used by the staff of scientific centers to create
the basis for the theory of ion scattering and eventually
the creation and development of the ion scattering
spectroscopy method [8-12].

In this paper, we present studies of ion scattering
from stepped InGaP(001)<110> surface. At the moment,
there is a lot of experimental data on ion scattering
spectroscopy from an ideal surface. There is a small
amount of work studying the scattering of ions from a
stepped surface. Therefore, we studied the scattering of
Ne™* ions from a stepped surface. Note that when studying
the scattering process of ions, they are mainly chosen
He*, Ne*, Ar* and Xe*ions.
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I. Computational method and results

It is known that during the scattering of ions with low
and medium energies, the forming trajectories of
scattered particles are mainly determined, as is known,
mainly by the elastic interaction of colliding particles
[13]. Moreover, the forces which formed during such an
interaction are Coulomb forces and from the action is
preserved between the interacting particles. Due to this, it
becomes difficult to calculate the trajectory of the
scattered ion, since it undergoes interaction with all
particles of the crystal. On the other hand, it takes a lot of
machine time. In this case, it should be noted that at low
energies, the act of interaction of an ion with surface
atoms can be considered as a successive collision.
Indeed, theoretically it is possible to imagine that the
lattice atoms are free during collisions, i.e. they can
behave like an atom of a dense gas.

We used in this study the method which based on the
binary collision of two particles.so. the falling particles
are the incident ion and the atom of the surface. Thus, in
our calculations of particle scattering from the target
surface, we considered them as pair interactions (binary
collision approximation model).

At the moment, the MARLOWE and TRIM programs
are the main modeling programs based on the method the
approximation of paired collisions for the study of
processes occurring during the bombardment of solids by
charged particles. The basis of these two programs are
almost the same. And the main difference is that
MARLOWE is designed for the study of crystalline
materials, and TRIM is for amorphous materials [14]. In
the MARLOWE program [15], the scattering angle is
determined by numerical calculation of the classical
scattering integral or using previously calculated and
tabulated values of these integrals for the Moliere
potential [16].

We have simulated a semi-infinite monatomic step on
the InGaP(001)<110> surface. This monoatomic step and
some trajectories are shown in Fig.1l. We examined the
steps "up" on the surface. Surface atoms and steps consist
of different kinds of atoms. that is. in our case, from Ga
and P atoms, and on the adjacent atomic chain from In
and P atoms. In this surface, the P atomic chains, which
form surface steps, are located directly above the surface
Ga and In atomic chains.
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Fig. 1. Monoatomic step forming on the

InGaP(001)<110> surface.

We studied trajectories for different values of the
aiming point. Note that the aiming points in our case are
the distances from the bombardment point to the step
atom.

In Fig.2a. the projection of the ion trajectory on the
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InGaP(001)<110> surface is shown, captured into the
channel at the value of the impact point of J=0.4 A at
the angle of incidence y = 5°. It should be noted that the
X-axis represents the ion path for each aiming point
value. And the channel depth (Z) is located in the
ordinate axis. In this value of the impact point, we can
say that the ion falls near the surface Ga atomic row, and
then is captured into the channel, formed by the atomic
rows P and Ga. Our calculations showed that
immediately after being captured into the channel, the
ion moves under the influence of Ga and P atoms.
Therefore, it has a higher frequency in the initial part of
the trajectory. The ion has a fairly high mileage in this
case. After that, you can see how the frequency of the ion
trajectory narrows. This means that the ions are scattered
from the wall of the channel, which consists of P atoms
and Ga atoms. It can be seen from snapshot that the
frequency of the ion trajectory inside the channel
narrows, that is, it also begins to approach the upper
atoms closer, and eventually an ion exit from this
channel is observed (ion dechanalization). Due to the
large trajectory, this ion left the channel with an energy
of 1178 eV, while the inelastic energy loss was
2159 eV, the azimuthal scattering angle was -60°.

In Fig.2b. present next trajectory, i.e. in this case the
aiming point value increased and it was 0.83 A. The
nature of the trajectory changed at X = 110. After this
value, the amplitude began to fit in, and the ion
approached closely to the walls of the channel, which
consisted of surface atoms and atoms of the step. In this
trajectory, the dechanneled ion had an energy of
1620 eV, an inelastic energy loss of 1952 eV, and an
azimuth scattering angle of 61°.

In Fig. 2c. present trajectory incidence ion when
J=2.77 A. The ion trajectory has a zigzag character. At
first it had a large amplitude, and then the amplitude
decreased and this led to dechanneling. Before leaving
the channel, the ion collided hard with a Ga atom located
in the lower part of the channel and escaped into vacuum.
In this trajectory, the energy of the dechanneled ion is
1239 eV, the loss (inelastic energy) is 1930 eV, and the
azimuth scattering angle is 61.72°.

Now consider the trajectory of an ion trapped in a
channel consisting of In and P atoms. This channel forms
an adjacent atomic row, that is, parallel to the channel
formed by Ga and P atoms. Figure 3a shows the
trajectory of a dechanneled ion at J=0.02A. From
snapshot we can see that the ion trajectory has almost the
same amplitude and frequency. And before existing from
channel, the frequency of the trajectory decreased and the
ion left the channel after scattering from the channel
wall. The energy of the dechanneled ion is 3622 eV, the
inelastic energy loss is 417 eV, the azimuth angle is
50.57°.

Fig.3b shows the trajectory of a dechanneled ion at
J=1.42A. The amplitude and frequency of this ion
trajectory begin to change almost near of the end the
trajectory. We can observe that the frequency of
trajectory changed after X= 100 and the process of ion
dechanneling was observed. The last collision occurred
with the channel wall. The energy of the dechanneled ion
is 2482 eV, the inelastic energy loss is 963 eV, and the
azimuth scattering angle is 19.77°.
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Fig. 2. Projection of the ion trajectory at the glancing angle = 5° captured into the channel at different values of
the aiming point: a— 0.4A, b - 0.83A, ¢ — 2.77A.
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Fig. 3. Projection of the ion trajectory at the glancing angle = 9°, captured into the channel at different values of
the aiming point: a — 0.76A, b — 1.42A, ¢ — 1.56A.
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In Fig. 3c presents the trajectory of dechanneled ion
on the aiming point J = 1.55 A. It can be seen that the ion
trajectory has a rather long length, and before
dechanneling, the frequency of the trajectories increased
before the channel exit. Collisions occurred with the wall
of the channel consisting of P-In atoms. The energy of
the dechanneled ion is 733 eV, the inelastic energy loss is
1001 eV, the azimuthal scattering angle is 108.1°.

In Fig.4a present a projection of the trajectory of the
ion that entered the channel. This happened at the value
shown at the value of the impact point of 0.63 at the

glancing angle of incidence y = 9°. In this value of the
impact parameter, one can see that the influence of the
Ga atomic rows is very large, since the ion is mainly
scattered from this atomic row. The trajectory of the ion
is not stable and therefore it quickly dechannels.
Dechanneled ion energy 1437 eV, inelastic energy loss
349 eV, azimuth scattering angle 63°.

In Fig.4b present the projection of the trajectory of
the ion trapped in the channel is shown at the aiming
point of 1.20 A. It can be seen from the trajectory that
this ion is captured by the channel and then, after
scattering by two atomic chains dechanneled. This
trajectory also looks like trajectory of focused ions. Due
to the existence of such a trajectory, one can argue about
the focusing property of the channel, that is, some part of
the ions can be focused. The energy of the dechanneled
ion is 282 eV, the inelastic energy loss is 275 eV, the
azimuthal scattering angle is 72.73°.

In Fig. 4c present the trajectory of scattered ion at
J=2.63 A. In this case we can see that the channeled ion
has a longer trajectory than the next trajectory. The
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trajectory of the ion is unstable and the ion leaves this
channel after several collisions with the upper and lower
atoms of the channel (P-Ga atoms). The energy of the
dechanneled ion is 1487 eV, the inelastic energy loss is
531 eV, the azimuthal scattering angle is 99,34°.

Fig.5a shows the trajectory of a dechanneled ion at
J=2.14 A. These impact point values are very close to
the surface atomic rows of In. In this case, the ion
directly penetrates the channel through the channel walls
and, after collision with the upper and lower atoms (P-
In), moves in the opposite direction. Then this channel
will show. The ion trajectory looks like the trajectory of a
focused ion. This ion has an energy of 2236 eV, inelastic
energy loss 170 eV, azimuth scattering angle 82,41°.

Fig. 5b shows the trajectory at J=1.85A. At this
value of the impact point, the ion entered the channel
and, after three collisions, left this channel. Note that the
last ion collision was the lower atoms of the channel,
consisting of In atoms. This ion has an energy of
1405 eV, inelastic energy loss 316 eV, azimuth scattering
angle 91,50°.

Fig. 5¢ shows the trajectory at J = 0.64 A. We see that
the trajectory of this ion is not quite long, but before
dechanneling, it scattered with the lower atoms of the
channel (In). This ion has an energy of 1444 eV and an
inelastic energy loss of 386 eV, and an azimuth
scattering angle of 35.88°.

Fig.6 shows the energy distribution of scattered Ne*
ions at the bombardment of stepped InGaP(001) <110>
surface with Eo=5 keV, at angles of incidences y = 5°
and 9°. At the y = 5° (fig.6a), the several intense peaks
observed in the energy spectrum. On the energy
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Fig. 4. The projection of the trajectory of the ion at the glancing angle 9° captured into the channel at different
values of the aiming point: a — 0.64A, b — 1.204A, ¢ — 2.83A.
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Fig. 5. Projection of the ion trajectory at an angle of incidence 99, captured into the channel at different values of the
aiming point: a—0.63A, b—1.85A, ¢ — 2.14A.
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Fig. 6. Energy distributions of scattering Ne* ions from InGaP(001)<110> surface at the
y=5° (a) and 9° (b) by Eo=5 keV.

distribution, we observe the most intense peak 2, which
formed by ions whose scattered to the angle 90°. Our
studies show that the trajectory of these ions consists of
two parts - scattered from the ideal part and from the first
step atom. The next intensively peak 1 formed by the
ions scattered from surface atomic chains. Low
intensively peaks (3-4) formed by ions which captured to
surface channel formed by P atoms (step atoms).
Analyzing the trajectories of these ions, we can say that
the ions first scatter from the ideal part of the surface
InGaP (001) <110>, and then, before leaving surface
channel, they scatter from the stepped surface.
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Moreover, peak 3 refers to ions scattered angle of 10°-
150°, and the peak 4 remaining low-intensity peaks refer
to ions scattered angle of more than 150° and less than
180°.

Fig. 6b. shows the energy distribution of scattered
Ne* ions at the bombardment of the stepped
InGaP (001) <110> surface with Eq=5keV at y =9°.
We observe that the intensity of the scattered ion peak 2
decreased and peak 1 increases. The peak 3 increases and
this indicates the capture of ions into the surface channel
formed by step atoms has increased. This shows the
dechanneling of ions in large quantities between two



Scattering of low-energy Ne* ions from the stepped surface of InGaP(001)<110> at the small angles of incidence

atoms of the surface atomic series.

Conclusion

We have considered the trajectories and energy
distributions of scattered Ne* ions at small angles of
incidence on a stepped InGaP(001)<110> surface with
Eo=5KkeV. The trajectories of dechanneled ions are
analyzed and the dechanneling conditions are discussed.
The resulting energy distributions prove the existence of
dechanneled ions. The spectra of dechanneled ions are
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formed in the low-energy part of the spectrum.
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Po3ciloBanHs HU3bKoOeHepreTHYHMX ioHiB Ne* 3i cTymiHuacToi moBepxHi
InGaP(001)<110> npu MaJux KyTax nagiHHs
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MerogamMu KOMIT'IOTEPHOTO MOJIEIIIOBAHHSA DO3MITHYTO pO3CiloBaHHA i0HIB Net+ mig ManuMu KyTaMu
nmagiHHsA Big crymiHdacToi moBepxHi InGaP(001) <110> Ha Eo = 5 xeB. [JlocmimkeHo TpaekTopii JekaHaIOBaHUX
iOHIB 3 TOBEpxXHi AedeKTy, a TaKOXK iX SHEeprilo MpU PO3CisHHI Ta Bix KyTa po3cisHHs. [loka3aHo, IO mepen
JeKaHAIYBaHHSAM 3pOCTAa€ YacTOTa W aMIUIITYyZa TpaekTopil 10HIB, SKi MEpeMIIlylOTh NOBEPXHEBUI KaHaI,
YTBOpeHHH cxXigyacTuM atoMoM. OTpUMaHO €HEPreTU4Hi PO3MOIUTN IIMX 10HIB 1 BU3HAYCHO YAaCTHHY CIIEKTPA,
IO BIiANOBifae IWM ioHaM. BcTaHOBIEHO, IO E€HEPreTHYHI JeKaHalIoBaHI i0HH (OPMYIOTH KM HH3BKOI
IHTEHCHBHOCTI B HU3bKOCHEPT€THYHIH YacCTHHI CIIEKTpa.

Kiwuogi cioBa: i0HHE po3CitOBaHHS, MIBKAHAIH, IEPEKTH, KOMIT FOTEpHA CUMYJISIIIS.

548


mailto:kutliev.u.o@urdu.uz
mailto:karimov.m.k.1988@gmail.com
mailto:wojigm@hotmail.com

