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Effect of low energy proton and He particle irradiation on CsPbBr; material
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In this paper, the effect of proton and He particle bombardment in CsPbBr; material was
investigated by the Monte Carlo simulation including ion range, backscattering, vacancies
and sputtering yield. The energies of proton and He particle varied from 50 keV to 180
keV and the particle incidence angles increased from 0° to 89.9°. The calculated results
showed that with the increase of incidence energies, the range and vacancies increased,
and the backscattering ions and sputtering yield reduced for proton and He particle.
Meanwhile, the vacancies, backscattering ions and sputtering yield induced by He particle
were much more proton at the same energy. With the increase of incidence angles, the
range and vacancies were reduced, and the sputtering yield increased for proton and He
particle. Also, it is obvious that the effects of He particle on CsPbBr; material were much
more serious than proton.
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1. Introduction

Due to the excellent photoelectric performance for the inorganic perovskite material, it is
very suitable for application in optoelectronic devices such as light-emitting diodes, solar cells,
detectors and lasers, which have attracted extensive attention of researchers[1-3]. With the rapid
development of commercial space programs, solar cells have been widely applied in kinds of space
equipment[4]. After nearly ten years of development, great progress has been made in perovskite
solar cells. Recently, the energy conversion efficiency of solar cells based on perovskite materials
have exceeded 20%][5]. Therefore, it has become a competitive candidate for remote power
generation on unmanned aerial vehicles as well as spacecraft.

When perovskite solar cells are used in complex space environment, they will unavoidably
be affected by charged particles in space[6]. Incident particles interact with perovskite materials
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which will cause lattice atoms to shift and affect the carrier life, and led to reducing the efficiency
of solar cells, ultimately leading to spacecraft orbital service time being reduced due to insufficient
power[7]. Among these particles, proton and He are the most principal particles affecting
devices[8], which deriving from galactic cosmic radiation and solar flares. Therefore, it is
necessary to have a better understanding of the proton and He irradiation effect on perovskite
materials.

Due to the strong stability, the perovskite material of CsPbBr; has attracted extensive
attention, and most of researches are focused on enhancing the performance of CsPbBr3[9]. Ding
et al.[10] applied doping Zn** to CsPbBrs, the quantum efficiency and stability were improved
while the fluorescence intensity of the material was maintained, and PLQY increased from 32% to
36%. Akkerman et al.[11] was prepare solar cells with the CsPbBr; quantum dots and achieved
photoelectric conversion efficiency of more than 5%. However, the comprehensive assessment of
the irradiation effects on CsPbBr; has not been undertaken until now. Therefore, the irradiation
effects of CsPbBr; induced by proton and He are of significant importance to prompt the pervasive
application of perovskite solar cells in space environment.

In this work, the effects of proton and He bombardment on CsPbBr; at energies ranges
from 50 keV to 180 keV and incidence angle ranges from 0 to 89.9 was investigated by using
Monte Carlo SRIM software, such as ion range, backscattering, vacancies and sputtering yield.
This research will help interpreting and understanding the damage mechanism of perovskite
materials under irradiation, and might help the perovskite materials move one step closer to space
applications.

2. Simulations

In this work, the open-source Monte-Carlo program SRIM was used to investigate the
irradiation effects on material of CsPbBr;. SRIM software is a program to simulate the interaction
between ion beam and materials[12,13]. It can simulate the motion of incident particles, quickly
calculate the depth of injection of particles with a certain energy into the sample, the distribution
of incident particles in the sample and the damage caused by incident particles to the sample. The
collision between the incident particle and the target nucleus of the material is described by
two-body collision[14]. The motion of the incident particle in the matrix is regarded as a series of
independent collisions with the matrix atoms, and each independent collision scattering is solved
by numerical integration.

In this study, the parameters of the CsPbBr3 was shown in Table 1. The incident energy of
H and He was ranged from 50 keV to 180 keV, and the incident angle was varied from 0° to 89.9°.
To ensure that all incident particles remain in the target, the thickness of CsPbBr; was set as 5 um.
The total number of incident particle was set 10* in each simulation[15] and well avoid higher
fuctuations and to obtain better statistical values. For calculating the backscattering particles,
number of vacancies and ion range, and the “Detailed Calculation with full Damage Cascades”
mode was selected. For calculating the sputtering yield, the “Monolayer Collision Steps/Surface
Sputtering” mode was used[16].
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Table 1. Parameters input used in simulation[17].

CsPbBr;
Total number of ions 10*
Mass density (g/cm®) 4.56
Thickness(um) 5
Surface binding energy (eV) Cs:0.81 Bb:2.03 Br:2
Lattice binding energy (eV) Cs:3 Bbh:3 Br:3
Displacement energy (eV) Cs:25 Bb:25 Br:25

3. Results and discussion

When the energetic particles pass through the material, it will transfer their energy to the
material atoms and terminate at a certain point in a material. Figure 1 shows the ranges of H and
He in CsPbBr; with different incident energies. It can be seen that the ranges of H and He were
both increased with the increase of the incident energy. Within 50-180 keV, the H ion range in
CsPbBr; was increased from 5398.5 A to 18215 A and the He ion range in CsPbBr; was increased
from 4256.5 A to 11319 A. Also, it is obvious that the range of H ion was larger than the He ion at
all energies. This is because the focusing effect of ion implantation becomes obvious with the
increase of energy, and the kinetic energy of ion beam increases, so the projection range increases.
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Fig. 1. The ranges of H and He in CsPbBr; with different incident energies.

Figure 2 (a) and (b) shows the distribution of H and He ion concentration in CsPbBr;with
different energies. It can be seen that the peak ion concentration decreases at the projection range
with the increase of energy. This is mainly due to the change of incident direction of some ions
caused by the collision between ions and target atoms, and the continuous loss of kinetic energy of
moving ions in the incident process causes some ions to gradually stop moving instead of stopping
at the projection range, resulting in the decrease of peak ion concentration. In addition, the peak
width is widened which mean that the standard deviation of range become larger with the increase
of incident energy. That is to say, the dispersion of range will be increased.
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Fig. 2. The distribution of H and He ion concentration in CsPbBr3; with different energies.

Figure 3 shows the variation of backscattering ions with different energies. With the
increase of incident energy, the number of backscattering ions got decreased. With in 50-180 keV,
the number of backscattering ions for H ion decreased from 141 to 25 and the number of
backscattering ions for He ion are decreased from 689 to 132. Also, it is obvious that the number
of backscattering ions for He ion was larger than H ion at all energies. With the increase of
incident energy, depth of entry into material is increased, more energy was transferred to the target
atom and the reflected H and He ion is not enough energy to escape from the surrounding atomic
potential field which led to decreasing backscattering ions. However, the depth of He ion is much
smaller and has a high chance of being reflected onto the surface of the material. Therefore, the
number of backscattering ions for He ion were more at the same incident energy.
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Fig. 3. The variation of backscattering ions with different energies.

When ion irradiates the material, collision cascade will be occurred along the track and
vacancies defects will be created. The variation of vacancies induced by H and He ion with
different energies was shown in Figure 4. It can be concluded that total vacancies induced by H
and He ion increase by increasing the incident energy. At energy equal to 50 keV, the number of
vacancies induced by H and He are 7.3 and 97.3, respectively. At energy equal to 180 keV, the
number of vacancies induced by H and He are 11.8 and 145.3, respectively. This is mainly due to
He ion is heavier than the H ion, and movement speed of He ion is smaller in the material,
increasing the chance of a collision with the target atom which led to creating more vacancies.
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Fig. 4. The variation of vacancies induced by H and He ion with different energies.

Figure 5 shows the variation of the sputtering yield for the H and He ions at different ion
energies. It can be seen from the figure that when the energy of incident ions increases, the
sputtering yield generally decreases and the sputtering yield of He ion is higher than that of H ion.
As the energy increases, the projection range of ions also increases. When ions incident deeper
into the target, displaced atoms deep within the target material cannot escape from the surface of
the material, leading to decreasing the sputtering yield.
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Fig. 5. The variation of the sputtering yield for the H and He ions at different ion energies.

The relation between ion range and ion incident angle for CsPbBr3 using H and He ion at
incident energy of 100 keV is shown in Figure 6. It is found that the ion range decreases by
increasing the incident angle. At normal incidence, the ion range was farthest for H and He ion.
Figure 7 (a) and (b) shows the distribution of H and He ion concentration in CsPbBr; with different
incident angles at incident energy of 100 keV. As can be seen from the figure, the peak value of
ion concentration decreases with the increase of incident angle and he ion projection range
corresponding to the peak of ion concentration also decreases. Under the transverse diffusion
effect, the more displaced target atoms generated after the collision with incident ions increases
when the increase of incident angle. Therefore, the incident ion would transfer more energy
through the inelastic collision between the target atom, which makes the ion stop moving earlier
and stay closer to the surface of material. Moreover, the He ion is more heavier and led to the
smaller range.
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Fig. 6. The ranges of H and He in CsPbBr; with different incident angles.
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Fig. 7. The distribution of H and He ion concentration in CsPbBr3with different incident angles.

Figure 8 plots the number of vacancies defects produced in CsPbBr; with respect to the
different incident angles for H and He ion at 100 keV. It is discovered that the variation trend of
vacancies for H and He ion shows the similar changes except that the calculated values are
different. The number of vacancies were gradually decreased with the increase of the incident
angle. As the incident angle increases, the energy transferred to the target atom by the incident ion
decrease, so the degree of damage formed is reduced. When the incidence angle exceeds 80°, the
number of vacancies decreases rapidly. This is mainly due to the larger incident angle is equivalent

to the injection of parallel target surface, and the damage in the target is obviously reduced.
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Fig. 8. Effect of the incident angle on the vacancies.
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In order to study the sputtering phenomenon on CsPbBr; surface during ion irradiation, the
relationship between sputtering yield and incidence angle was simulated, as shown in Figure 9. It
can be seen from the figure that the sputtering yield increases with the increase of incident angle.
When the incident angle is small, the cascade expansion is carried out longitudinally in the target.
With the increase of incident angle, the cascade expansion is carried out horizontally in parallel to
the target plane. Therefore, the sputtering yield increases with the increase of the number of
cascading collisions within a certain depth.
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Fig. 9. Effect of the incident angle on the sputtering yield.
4. Conclusions

In summary, the effect of proton and He particle with different energies and angles on ion
range, backscattering, vacancies and sputtering yield of CsPbBr3 material was investigated by
numerical simulation. The results show that the range and vacancies increased by increasing the
particle energy. Meanwhile, the backscattering and sputtering yield gradually decreases with the
increase of the particle energy. Also, It is clear that the the range and vacancies decrease and the
sputtering yield by increasing the incident angles. Moreover, the degree of degeneration for all
parameters induced by He particle were higher than that of proton. This is mainly due to the He
particle is much heavier.
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