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The process of chemical-dynamic polishing of the surface of metal-halide perovskite PbCsBrs by etchants
based on solutions of the dimethyl sulfoxide — ethyl acetate (DMSO-EA) system has been studied. The dependences
of the perovskite dissolution rates on the content of ethyl acetate in the etchant solution were investigated. The
qualitative characteristics of the surface, obtained as a result of etching, were analyzed by optical microscopy. It
has been established that the process of dissolution of PbCsBrs in the DMSO-EA etching solution is carried out by
the diffusion mechanism. On the basis of the obtained results, the compositions of etching solutions and
technological modes of chemical-dynamic polishing of PbCsBrs3 single crystals were optimized. The ethyl acetate-
modified etching solutions are promising for use in the technology of perovskite materials when the main goal is
to slowly remove the surface layer of the semiconductor and obtain a high-quality, structurally perfect surface.
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Introduction

The results of scientific research in the field of
optoelectronics show that perovskite materials are
characterized by many properties necessary for this field:
high thermal stability, good photovoltaic properties, and
low cost [1-3]. Perovskites of various chemical designs
(inorganic, hybrid (organic-inorganic)) are widely used in
optoelectronic devices such as solar cells, light-emitting
devices, radiation and photodetectors, etc. [4, 5].

It is noted that inorganic metal-halide perovskites
(MHPs) exhibit higher chemical resistance compared to
hybrid organic-inorganic perovskites. This can obviously
be explained by the strengthening of chemical bonds
between the particles of the MHPs crystal structure
compared to the weaker chemical interaction of organic
components in hybrid perovskites. Nevertheless, many
recent studies have shown that the issue of chemical
stability of MHPs is still quite relevant at present. Despite
their promise, inorganic MHPs are subject to degradation
under the influence of external conditions (temperature,
moisture, light), which significantly affects the

736

performance of devices made from them [6-8]. This can
be caused by both internal and surface defects in the
crystal structure of perovskite.

Degradation processes primarily occur on the surface
of the material, so studying the methods of perovskite
surface treatment, reducing its chemical activity, and
analyzing the surface states of MHPs will help to obtain a
high-quality material with stable characteristics. It is the
quality and stability of MHPs that will play a crucial role
in the creation of high-performance perovskite
(optoelectronic) devices that will be sufficiently durable in
real operating conditions.

Like other MHPs, single-crystal CsPbBrs is
characterized by quite pronounced optoelectronic
properties. High mobility of charge carriers, long diffusion
length, high photoabsorption coefficient, high average
atomic number (Pb-82, Cs-55, Br-35) and large band gap
of cesium plumbum bromide make it possible to use it in
various devices, including radiation detectors of various
origins (including gamma and X-rays), solar cells, light
emitting devices, and others [9-12].

As in the case of other perovskite materials, the
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reliable and trouble-free operation of devices based on
CsPbBr3 largely depends on the condition of its surface.
Therefore, the purpose of our study was to develop
technological conditions for the preparation of the surface
of CsPbBr3; perovskite, to select substances suitable for all
stages of processing such material, and to determine the
composition of solutions that can be used to obtain a high-
quality surface of MHPs CsPbBrs.

I. Materials and methods

The samples for the study were cut from a CsPbBr;
ingot in the form of round plates. The plates were
mechanically polished using oil suspensions of abrasive
materials. Organic solvents (methanol (CH3;OH), acetone
(C3Hs0), n-hexane (CsHia), toluene (CeHsCHs)) were
used for interoperative cleaning. The polished plates were
cut into smaller samples. After that, the samples were
glued to quartz substrates with the wrong side using wax.

The chemical treatment was carried out on a
chemical-dynamic polishing device, which provides
stable, reproducible hydrodynamic conditions for the
surface treatment of samples. The quartz substrates were
fixed in the disc-shaped Teflon holder of the device. The
rotation speed of the Teflon holder (disc) in the etchant
was 90 rpm. When determining the limiting stage of the
dissolution process, this speed was varied from 30 to
130 rpm.

The etching rate (Vewn) was determined by the
decrease in sample thickness (thickness of the removed
layer). For this purpose, the thickness of the sample was
measured before and after etching using a clock indicator
ICh 10.

Before etching, the samples were rinsed with
anhydrous methanol for 2 minutes. Dimethyl sulphoxide
(C2H6QOS), dimethylformamide (CsH;ON), and ethyl
acetate (CH3COOC;Hs) were used to etch the samples.
After etching, the samples were rinsed with n-hexane. All
reagents were of p.a. grade. The etched and washed
samples were dried with a stream of compressed dry air.

The surface of the single crystals after treatment was
photographed using a Leitz/Wetzlar Germany microscope
with a built-in MD-CP 250 video camera with a
magnification of 8x to 16x.

I1. Results and discussion

A high-quality polished surface of a solid crystalline
substance can be obtained when the process of removing
the surface layers of the material is carried out at a low
rate. This condition is one of the main ones when selecting
solution compositions for polishing semiconductor
materials. It should be noted that the removal of the
surface layer of a solid can occur both during its
dissolution and in the process of chemical interaction of
the semiconductor with the components of the etchant.
Accordingly, the issue of selecting the composition of
etching agents and determining the etching rate is one of
the key issues in the technology of semiconductor
materials.

It is known that water is a universal solvent for many
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solid inorganic substances. However, CsPbBr; and water
undergo not only a dissolution process but also a chemical
interaction. The products of this reaction are insoluble
(poorly soluble) substances. These substances are
deposited on the surface of crystals in the form of
insoluble films and cannot be removed even after
thorough cleaning. This makes it impossible to use water
or aqueous solutions in the process of preparing a high-
quality polished CsPbBrs surface. Therefore, the main
components of mixtures for surface treatment of
perovskite materials are mainly organic substances. It is
known that dimethyl sulfoxide and dimethylformamide
are good solvents for CsPbBr3 [13]. Therefore, at the first
stage of our study, we determined the dissolution rate of
CsPbBr; in dimethyl sulfoxide (DMSO) and
dimethylformamide (DMFA). The dependence of the
thickness of the removed perovskite layer (I) on the time
of exposure of the samples to the organic solvent is shown
in Figure 1.
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Fig. 1. Dependence of the thickness of the removed
surface layer of CsPbBr; on the etching time in DMSO
and DMFA (T = 298K).

The diagram shows that the thickness of the layer
removed from the perovskite surface depends on the
processing time in both organic solvents in a linear
fashion. From this dependence the average value of the
etching rate of the samples was calculated. In the DMSO
solution, the etching rate of CsPbBrs was 29 pum/min, and
in the DMFA solution — 6 um/min. The low value of the
etching rate of samples in DMFA is a positive
characteristic in terms of the possibility of its use for
polishing etching of CsPbBrs. However, the results of the
study showed that the surface quality of the samples after

treatment  with  dimethylformamide  deteriorated
significantly, while the treatment with dimethyl
sulphoxide, although at a higher rate, gave a better result
(Figure 2).

Since the treatment of the perovskite surface with
dimethylformamide leads to a significant deterioration in
its quality, dimethyl sulfoxide was used for our further
studies.

In order to reduce the etching rate of the surface of
semiconductor materials, an additional component that
does not chemically interact with the material is often
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Fig. 2. CsPbBr; surface treated with DMFA (a) and DMSO (b). The etching time was 60 sec (T = 298 K).

introduced into the etchant composition. In our study,
ethyl acetate (EA) was used as such component. The
content of ethyl acetate in the solutions of the DMSO-EA
system was increased from 0 to 80 vol. % (Table 1).

Table 1.
Composition of solutions of DMSO — EA system

Volume ratio | Composition vol. %

. . 20 9% solution EA in
DMSO: EA 4:1 DMSO

. . 40 % solution EA in
DMSO: EA 3:2 DMSO

. . 60 % solution EA in
DMSO: EA 2:3 DMSO

. . 80 % solution EA in
DMSO : EA 1:4 DMSO

The dependence of the thickness of the removed
perovskite layer on the time of chemical treatment for the
various compositions (Table 1) is shown in Figure 3.
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Fig. 3. Dependence of the thickness of the removed
surface layer of CsPbBr; on the etching time in solutions
of the DMSO-EA system (T = 298 K).

As with dimethyl sulfoxide (Fig.1), the corresponding
dependence is linear. Increasing the ethyl acetate content
in the solutions significantly reduces the perovskite
dissolution rate from 23 um/min in a solution of 80 vol. %
DMSO - 20 vol. % EA to 4 pm/min in a solution of 40 vol.
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% DMSO - 60 vol. % EA. In a solution containing 80 %
ethyl acetate, etching of perovskite does not occur and the
dissolution rate decreases to almost zero. The surface of
the samples after treatment with this solution loses its
lustre and is covered with a white film that cannot be
removed by rinsing.

In the solution, containing 60 vol. % EA, slow etching
occurs, but a white film of lower intensity also appears on
the surface of the samples. For this reason, a solution of
this composition cannot be considered suitable for
polishing etching of the perovskite surface.

The addition of 40 vol. % ethyl acetate to dimethyl
sulphoxide reduces the etching rate of the samples by
almost three times compared to pure DMSO. At the same
time, the quality of the surface obtained is not inferior to
the surface quality of samples treated with DMSO alone.
Therefore, it can be assumed that solutions of the DMSO-
EA system, in which the content of EA does not exceed
40 vol. %, can be used for polishing etching of CsPbBrs.

To determine the limiting stage of the CsPbBr;
dissolution process in solutions of the DMSO-EA system,
the dependence of the samples etching rate on the disc
rotation speed (y) was investigated. The results of the
obtained dependence plotted in the coordinates
vt - 412 are shown in Fig. 4.
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Fig. 4. Dependence of the CsPbBr;etching rate on the disc
rotation speed in solutions of the DMSO-EA system
(T =298 K).
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By analyzing the obtained dependences of the etching
rate on the disc rotation speed and taking into account the
general principles of determining the stages, limiting the
rate of chemical interaction, it can be stated that the
etching process of CsPbBr3 by solutions of the DMSO-EA
system occurs by the diffusion mechanism. Such
conclusion can be made taking into account that the
acceleration of the disc rotation speed in the etchant
solution leads to an increase in the rate of samples
dissolution in general, and the corresponding lines are
extrapolated to the coordinate’s origin.

The diffusion mechanism is one of the main criteria in
the selection of etchant compositions that exhibit
polishing properties on the semiconductor surface.
Therefore, taking this fact into account, we can assert that
some compositions of solutions of the dimethyl sulfoxide-
ethyl acetate system are promising for obtaining a high-
quality, contamination-free, polished surface of CsPbBrs.

Conclusions

Reliable and trouble-free operation of electronic
devices based on CsPbBrs MHPs depends not only on the
bulk properties of the material but also on the state of its
surface. In view of this, the preparation of the CsPbBrs;
surface is one of the critical stages of the technology of
perovskite semiconductor materials. The surface of
CsPbBr; cannot be treated with water or aqueous
solutions, as this would result in chemical interaction,
which would produce insoluble or poorly soluble
products. In our study, anhydrous dimethyl sulfoxide was
used for CsPbBrs chemical etching. Based on this organic
solvent, a series of new polishing compositions of etching

solutions for chemical polishing of CsPbBr; was
developed. It was found that the dissolution of perovskite
in dimethyl sulfoxide occurs at a rate of 29 um/min. The
addition of 20 and 60 vol. % ethyl acetate to dimethyl
sulfoxide leads to a decrease in the perovskite dissolution
rate to 23 um/min and 4 pm/min, respectively. It has been
shown that solutions with ethyl acetate content in dimethyl
sulfoxide not exceeding 40vol. % have polishing
properties on the surface of CsPbBr3. The limiting stage of
the process of CsPbBrs dissolving in solutions of the
DMSO-EA system is diffusion. This indicates the
prospect of using them for polishing etching of the
CsPbBrs surface.
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B3aemonisi POCsBr3 3 po3unHamu cucteMu THMeTHICYIb(OKCHT —
eTHIAleTaT

Yepniseywbkuil HayionanoHuil yrisepcumem imeni FOpis @edvrosuua, Yepnisyi, Ykpaina v.ivanitska@chnu.edu.ua

BuBueHO mpolec XiMiKO-IMHAMIYHOTO TIOJipyBaHHs TOBEPXHI MeTal-raloreHigHoro neposckity PhCsBrs
TpaBHHKAaMHM Ha OCHOBI PO3YMHIB cucteMu auMmermicyiabdokenn — erwnanerat (JJMCO-EA). [ocnimkeHo
3aJIe)KHOCTI IIBUAKOCTEH PO3YMHEHHS IEPOBCKITY BiJl BMICTY eTHJIALlETaTy y CKJIaJi PO3YMHY TpaBHHKA. AHai3
SIKICHUX XapaKTepUCTHK OJIepyKaHol B pe3yJIbTaTi TpaBICHHs TOBEPXHI 34iHCHEHO 3a IOMOMOTO0 METO/Ia OIITHYHOT
Mikpockomii. BeranoBieHo, 1o npouec pozuntertst POCsBrs y tpasuukax cucremu JIMCO-EA BinGyBaeTses 3a
mudysiitanM MexanisMoM. Ha OCHOBI oJepikaHHX pe3yibTaTiB ONTHMI30BAHO CKIAJH TPABWIBHUX PO3YHHIB Ta
TEXHOJIOTIUHI PEXKUMH TPOBECHHS XiMiKO-IMHAMIYHOTO TOJipyBaHHs MOHOKpHcTanie PhCsBra. Momudikosani
CTUJIALIETATOM TPABHUKHM € MEPCIICKTUBHUMHU JUISl BUKOPUCTAHHS y TEXHOJOTII IIEPOBCKITHUX MaTepialliB y TOMY
BHUIMAJKY, KOJIM OCHOBHOIO METOI0 € IIOBUIPHE BHJAJCHHS I[OBEPXHEBOTO ILIAapy HAIIBIPOBIIHUKA, a TAaKOX
OJIep>KaHHS BUCOKOSIKICHOT, CTPYKTYPHO-/I0CKOHAJIOT HOTO MTOBEPXHi.

KnrodoBi cioBa: TmepoBCKiT, NOBEpXHs, IIBHIAKICT TpPaBICHHS, XiMIKO-AWHaMiYHE IIOJIpyBaHHS,
JMMETHICYJIL(MOKCH, eTHIIALeTaT, PO3YHH.
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