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High quality MAPbBr3 films via pulsed laser
deposition of single-crystalline targets†

E. Ghavidel,ab A. Di Carlo, ab A. Ishteev, ce J. Barichello,a K. Konstantinova, c

D. Saranin, c V. Campanari,a F. Martelli, d B. Paci,a A. Generosi,a M. Guaragno,a

A. Cricenti, a D. Becerrill, a M. Luce, a F. Matteocci b and A. Di Trolio *a

High quality MAPbBr3 films were grown by pulsed laser deposition of single-crystalline targets using an

on-axis geometry. The gas ambience up to the mbar range and laser fluence of some tenths of Joule

per square centimeter yielded single a-phase polycrystalline MAPbBr3 films, as revealed by ex situ XRD

analysis. In situ low T studies allowed for the observation of cubic-to-tetragonal and of tetragonal-to-

orthorombic phase transitions. Absorption and photoluminescence spectra show characteristic peaks

around 2.35 eV. In particular, for thin films, PL measurements at low temperature showed narrow peaks

characteristic of high crystalline quality and the absence of relevant defect-related recombination. The

present results indicate a route to grow high quality thin films of metal halide perovskites via PLD of

single-crystalline targets.

1. Introduction

In the last decade, much attention has been paid to hybrid
organic–inorganic lead halide perovskites for the possibility to
realize photovoltaic devices with efficiency larger than 25%.
However, the realization of high-quality devices is quite diffi-
cult because the perovskite family is unstable under the effects
of temperature, humidity and light. Moreover, most of the high-
performance absorber layers have been grown by solution
processing techniques which could present drawbacks due
either to a high defect concentration or to the residual presence
of the solvent traces in the film.1–5

To overcome such inconvenience, full dry growth processes
proved to be successful for materials based on metal oxides
have been explored.6 Among these, the versatile pulsed laser
deposition (PLD) permits us to grow layers in a wide range of
parameter values, starting from a single stoichiometric target.
Here, the stoichiometry preservation from the target to film
allows the growth of films as pure as the single crystals up to

large-area coatings on a variety of substrates, including flexible
materials. However, the presence in hybrid perovskites of
elements with a significant difference in atomic weight makes
the stoichiometry transfer from the target to the substrate
difficult. This is due to the collisions of the plasma constituents
among themselves or with the background gas particles leading
to an incongruent ablation process with non-stoichiometric
transfer of materials on the substrate, mainly consisting of
the brownish PbX2 phase.7–9 Indeed, the lighter plasma con-
stituents are preferentially scattered and diffused to larger
angles resulting in an enhancement of the heavier species
along the direction normal to the substrate.7–9 MAPbX3 layers
have been deposited by PLD at low laser fluence, mainly
ablating off-stoichiometric targets with a MAX : PbX2 molar
ratio higher than 4 to balance the stoichiometry losses due to
the scattering of organic species during deposition.10–14 Both
for hybrid organic–inorganic lead halide and for inorganic15,16

and lead-free perovskites,17,18 the PLD experiments were mainly
performed with KrF excimer lasers operating at 248 nm. The
use of excimer lasers raises safety concerns, as they contain
highly poisonous gases, necessitating for expensive infrastruc-
ture to ensure safety. Additionally, the increasing demand for
noble gases and their limited availability have led to a signifi-
cant increase in the cost of the KrF premix gas mixture in
recent years.

Nd:Yag lasers allow these safety issues to be overcome and,
moreover, meet the needs of low energy for the growth of a
volatile perovskite. In fact, the fundamental emission at
1064 nm and the higher harmonics at 532 and 355 nm, whose
photon energies are lower than those of the KrF excimer lasers,
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make Nd–Yag lasers very suitable for the deposition of hybrid
organic–inorganic lead halide perovskites.

In this paper, we report on the deposition of MAPbBr3 films
by on-axis PLD of single stoichiometric targets. To preserve
the stoichiometry in the deposition process, we minimized the
kinetic energy of ions and neutral species of the plasma
by decreasing either the laser fluence or increasing the gas
pressure in the growth chamber. Moreover, by ablating single-
crystal stoichiometric targets, films with excellent structural
and optical properties were deposited.

2. Experimental section

The organic–inorganic hybrid perovskite films were deposited
by on-axis PLD using a Nd:YAG laser, operating at l = 355 nm
and a 10 Hz repetition rate, starting from a single crystal target
(Fig. 1). The commercial ITO/glass substrate was kept at 100 1C
during the deposition, which takes place in the presence of Ar.
To improve homogeneous covering of the substrates, the
deposition process was carried out by scanning an area of
2.5 � 2.5 cm2, by a computer-controlled substrate motion,
allowing substrate displacements in the plane perpendicular
to the direction of plume expansion. By variation of motion
velocity and the duration at each single deposition-point, the
full coverage of the substrates was ensured as well as the
deposition time and film thickness control. To improve film
quality, several attempts have been made by controlling various
parameters like Ar pressure in the chamber, laser fluence, and

the substrate to target distance. The optimal growth conditions
were achieved at a laser fluence of 0.2 J cm�2, a spot size of
0.03 cm2, an Ar background pressure of 0.7–1 mbar, and a target
to substrate distance of 5 cm. The duration of the deposition
process is 4 min for a film thickness of about 100 nm.

The MAPbBr3 single crystal, used as a target source, was
synthesized utilizing an inverse temperature solubility technique.
In a nitrogen-filled glovebox, an equimolar mixture of methylam-
monium bromide (CH3NH3Br, 224 mg, 2 mmol) and lead(II)
bromide (PbBr2, 734 mg, 2 mmol) was dissolved in anhydrous
dimethylformamide (DMF, 2 mL). The resultant mixture was
magnetically stirred overnight at 25 1C to ensure complete
dissolution of the salts. The resulting solution was subjected
to a thorough filtration to achieve a solution devoid of particu-
late matter. To inhibit uncontrolled nucleation, glass vials
intended for crystal growth were treated with dimethyldi-
methoxysilane to render the inner surfaces hydrophobic,
thereby increasing the wetting angle between the glass and
the DMF solution. For the nucleation phase, a diminutive seed
crystal of MAPbBr3, with dimensions typically less than 1 mm3,
was delicately placed at the bottom of the pre-treated vial. The
vial containing the seed crystal and the precursor solution was
then situated atop a heating plate. The temperature was
increased at a gradual rate of 8 1C hour�1 from an initial
temperature of 68 1C to 78 1C. This temperature was main-
tained until the onset of crystal growth was observed. There-
after, the heating rate was diminished to 8 1C hour�1 until the
temperature reached 90 1C. Throughout the growth period, the
assembly was positioned on an anti-vibration marble balance
table to mitigate any external disturbances that could affect
crystal integrity. The vials were capped with glass lids to prevent
heat loss. The resulting crystals exhibited a cubic morphology
and reached a final size of 6 � 6 � 3 mm. Optical characteriza-
tion was performed using a UV-Vis spectrophotometer, a Shi-
madzu MPC 2600, in the absorbance mode. A Panalytical
Empyrean X-ray diffractometer was used to collect diffraction
patterns (XRD) in the Bragg–Brentano configuration. Detection
was accomplished by means of a PixCel 3D detector working in
linear mode and a Cu-anode X-ray tube (K-Alpha1 [Å] = 1.54060;
K-Alpha2 [Å] = 1.54443) was used as a source. Divergent slits
(slit size [1] = 0.2177) set the incident optical pathway and
structural information was collected in the 51 o 2y o 701
angular range (step size [12y] = 0.0260, scan step time [s] = 1145,
scan type continuous). Samples were located onto a flat sample
holder and generator parameters were kept fixed at 45 mA
and 40 kV. For phase transition low temperature measure-
ments, the instrumentation was equipped with a Linkam
hot-cold temperature-controlled stage (THMS600), properly
modified to fit the peculiar demands of this experiment.
A controlled atmosphere was set by means of a constant N2 flux
within the cell, whose temperature was varied in the 83 K o T o
293 K range, with steps of 10–20 K. At each temperature, a rapid
XRD pattern was collected in the 161 o 2y o 401 angular range,
suitable to track any possible structural modifications as well as
to optimize the requirements for a fast collection to be achieved
(step size [12y] = 0.0260; scan step time [s] = 46.6650).

Fig. 1 (A) Schematic of the PLD technique, (B) XRD pattern of the single-
crystal before (red line) and after (gray line) grinding, and (C) single-crystal
target of MAPbBr3.
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An in-house developed atomic force microscope (AFM)
mounted with a 30 mm � 30 mm scanner was used in non-
contact mode to determine the surface morphology of the
various samples. It works by means of aluminum coated
standard tapping AFM probes (Nanosensors), combining high
operation stability with outstanding sensitivity and fast scan-
ning ability.

Energy-dispersive X-ray reflectometry measurements (EDXR)
were performed by means of a non-commercial, in-house
patented reflectometer in order to study the morphological
characteristics of the layered samples, i.e., thickness and surface/
interface roughness. The whole white beam produced using a
W-anode X-ray lamp (10–50 keV) is focused onto the sample by
means of micrometric W-slits (20 � 20 mm square aperture)
and the reflected signal is detected by a Ge-single crystal detector
which is able not only to count the incoming photons but also to
discriminate their energy. The geometry of the experimental
apparatus is kept fixed during the measurements, no angular
movement being required and pattern acquisition occurs simulta-
neously in the whole explored energy-range.

X-ray photoelectron spectra (XPS) were recorded in a Vacuum
Generators VG-450 ultrahigh-vacuum chamber equipped with an
Al Ka radiation source with an estimated resolution of 0.1 eV.
The C1s spectra of adventitious carbon were used as a reference
to discard any possible charging effects. Spectra were fit using
pseudo-Voigt models and the contributions of each oxidation
state were calculated from the cover of the curves.

Steady-state photoluminescence (PL) measurements were
performed in the temperature range 12 r T r 293 K using
a cw laser diode emitting at 405 nm. The PL was dispersed
by a 30-cm spectrometer and revealed by a Peltier-cooled CCD
camera.

Cell fabrication

A Nd:YVO4-pulsed UV laser system (BrightSolutions, Luce 40
laser) has been utilized to etch square-shaped (2.5 � 2.5 cm2)
Pilkington FTO substrates (7 O &�1). Then, substrates under-
went a thorough cleaning process to remove contaminants:
a mechanical washing with a soap solution (2% Hellmanex in
water) for organic residue and dust removal; ultrasonic baths in
distilled water and isopropanol (40 1C, 10 minutes each) for
further cleaning and finally a UV/O3 treatment with a PSD Pro
Series Digital UV Ozone System (Novascan) for 15 minutes to
eliminate remaining organic materials. The compact TiO2 as
electron transport layer (ETL) has been deposited through the
spray pyrolysis technique. The ETL deposition occurred
through air as the gas carrier at a pressure of 1.6 bar and a
nozzle angle of about 451, with 8–10 spray cycles (once every
10 seconds) once the hot plate reached 465 1C. After the spray
pyrolysis, substrates were maintained at 465 1C for 10 minutes
and then the temperature was decreased.

10 mg mL�1 of PTAA powder (10 KDa) was dissolved in
toluene and before deposition doped with 4-tert-butylpyridine
(10 mL mL�1) and LiTFSI (5 mL mL�1 from a stock solution of
170 mg mL�1 in acetonitrile). The PTAA layer was spin coated at
4000 rpm for 20 seconds. Transparent conductive indium tin

oxide (ITO) as a top electrode was deposited by a low tempera-
ture sputtering process at 1.1 � 10�3 mbar and a 60 W
RF power. During the ITO deposition, inert Ar gas was purged
in the chamber (40 sccm) to activate the Ar+ plasma. The
sample holder was moved below the ITO cathode with a speed
of 120 cm min�1 for 300 cycles to achieve a thickness of 100–
120 nm.

PV parameter characterization

J–V curves and PV parameters of devices were detected using a
Class-A Sun Simulator (ABET 2000) furnished with an AM1.5G
filter (ABET). For calibrating the sun simulator, a Si-based
reference cell (RR-226-O, RERA Solutions) was utilized. Arkeo
platform (Cicci Research S.r.l.) was used for J–V data acquisition
in forward and reverse voltage scan modes, using a voltage step
of 20 mV s�1 and a voltage scan rate of 200 mV s�1.

3. Discussion

The deposition parameters of the PLD were selected after
depositing MAPbBr3 undre the typical conditions of 1 J cm�2,
10�5 mbar of Ar, and 100 1C. Such films looked brownish due to
PbBr2 phase and the minority presence of a-phase was
detected. Subsequently, by reducing the fluence and increasing
the Ar pressure, the presence of the MAPbBr3 phase gradually
increases with respect to PbBr2 and, when the fluence is less
than 0.5 J cm�2 and the Ar pressure approaches 1 mbar, the
MAPbBr3 a-phase becomes predominant. The optimal values of
fluence and Ar pressure, at which the single a-phase films are
grown, are of 0.2 J cm�2 and 0.7 mbar, respectively.

The surface texture of the samples is quite uniform (i.e.,
without specific defects or agglomerates) as shown in Fig. 2a for
a thin film with a thickness of about 100 nm. No significant
roughness (r.m.s.) variation is observed comparing smaller
(10 mm � 10 mm) and larger (30 mm � 30 mm) AFM images
(see Fig. S1, in the ESI†). However, the roughness values are
quite relevant, within the 9–14 nm range, independently of the
image size and the texture is characterized by compact sphe-
rical grains all over the probed surface (Fig. 2a).

Such elevated roughness is confirmed by EDXR measure-
ments: in the patterns reported in Fig. 2b no Kiessig fringes are
visible due to high surface/interface roughness of the samples,
as indicated by the sharp slope of the curves and in good
agreement with AFM. Additionally, the reflectivity edge at
qc = 0.041 A�1 allowed evaluating the perovskite (PVK) electron
density to be re = 3.34 (1) � 10�5 A�2 in good agreement with
the literature.19

The role of the Ar pressure in the deposition is evident from
the XRD spectra of MAPbBr3 films reported in Fig. 2c and d.
Although the films were grown at a fluence of 0.2 J cm�2, the
spectra of the films deposited at an Ar pressure of 0.02 (c) and
1 mbar (d) are quite dissimilar. No PVK crystalline signature
is detected in the first case, and the visible reflections arise
only from the TCO substrate and PbBr2 (Fig. 2c blue line,
reflections labelled with a star *). These reflections were
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assigned according to JCDD card no: 001-0625 and JCDD card
no: 031-0679, respectively. In the last case, a polycrystalline
structure results with Miller indexes assigned to the MAPbBr3

a-phase (Fig. 2b).20 Indeed, the perovskite adopted a cubic
Pm%3m polycrystalline structure at room temperature, the reflec-
tions being labelled according to literature.5,20,21 The transpar-
ent conductive oxide (TCO) is labelled according to ICDD card
no. 001-0625 and can be referred to as the substrate.

The MAPbBr3 film is also stable in nitrogen storage as
revealed by the XRD patterns collected for the stored sample

(25 days) perfectly matching with the as-deposited film pattern,
reported in Fig. S2, ESI.† The structural stability of the MAPbBr3

films was investigated as a function of temperature. Starting
from room temperature (RT), the structural modifications have
been monitored by means of temperature-dependent XRD
measurements down to 78 K. Fig. 3a shows the XRD patterns
of the film measured in the 293–78 K temperature range: XRD
patterns collected by means of the hot cold Linkam cell are
shown together with a highlight of the PVK reflections. PVK
reflections attributed to the (200) and (110) crystal planes were

Fig. 2 (a) AFM image of thin MAPbBr3 film growth via PLD at 1 mbar of Ar pressure on a region of 20 � 20 mm2 (b) and EDXR profiles collected at 0.2101
upon two MAPbBr3 samples. (c) XRD patterns of MAPbBr3 films grown at a fluence of 0.2 J cm�2 and an Ar pressure of 0.02 (blue line) and 1 mbar (black line).

Fig. 3 (a) Temperature dependent XRD patterns collected cooling down the MAPbBr3 film from 293 K to 78 K. PVK reflections are labelled with Miller
indexes identifying each reflection; (b) compression of MaPbBr3 lattice parameters along the (200) crystallographic direction as a function of
temperature. Phase transitions are evidenced.
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fitted by means of Gaussian function to monitor their crystal-
linity, position and grain size evolution as a function of
temperature. The film structure is preserved down to 230 K,
then phase transitions occur at temperatures in between 233–
223 K, 163–153 K and E 113K corresponding to structural
changes from cubic Pm%3m (a-PVK) to tetragonal I4/mcm
(b-PVK), from tetragonal to orthorhombic I Pna21 and finally
to orthorhombic II Pnma (d-PVK), respectively. In Fig. 3b, these
observations are reported as a function of peak position along
the (200) plane, and a sudden lattice contraction corresponds to
phase transitions.22,23

Furthermore, it was possible to detect other structural
modifications during the cooling process triggered by the
structural rearrangements related to the MAPbBr3 phase transi-
tions. Indeed, as the cubic to tetragonal PVK phase transition
takes place at 223–233 K, the sudden formation of PbBr2 is
observed, with the (020)-(111)-(102) peaks being clearly detected
[JCDD card nr: 00-001-0623]. The temperature dependent evo-
lution of its structural parameters is reported in Fig. S3 of the
ESI,† with the trend of the (020) reflection being representative
of the whole PbBr2 behavior.

As visible, in analogy to what is observed for the PVK lattice,
lowering the temperature the lead bromide lattice contracts.
The crystallinity evolution evidences two distinct processes:

(1) Primary crystallization: crystallinity increases and the
grain size diminishes due to the formation of novel small
crystallites up to 173 K.

(2) Secondary crystallization (at lower temperatures): both
reflection intensity and grain size increase. This latter process
is due to enlargement of previously existing small crystallites,
merging into larger ones, amorphous lead bromide still crystal-
lizing by nucleation of pre-existing crystallites.

It is worth noticing that phase transition at low temperatures
triggers the formation of the PbBr2 phase, typically associated
with the perovskite decomposition triggered by light, high tem-
perature, pressure, humidity and many other conditions.24,25 As
shown in Fig. S4 of the ESI,† the PbBr2 formation is not reversible,
the reflection still being present after the whole thermal cycle,
however this presence does not affect the overall perovskite
crystallinity and phases, which are perfectly reversible, as expected
for high quality, stable MAPbBr3 films, proving that the thermo-
dynamical properties of the material are preserved and that the
alpha phase is stable and optimized (as for chemical deposition
methods) as required for photovoltaic applications, fully validat-
ing the PLD technique.

The possible presence at RT of amorphous PbBr2 in the
films has been investigated by performing X-ray photoelectron
spectroscopy (XPS). Fig. 4 shows a typical spectrum of the thin
film grown from a single crystal target with only two peaks
corresponding to the Pb 4f5/2 and Pb 4f7/2 electrons. The peak
positions and hence the Pb–Br charge transfer rule out the
presence of amorphous PbBr2, within the measurement error of
2%. Moreover, the comparison of the XPS spectra with those of
a control sample, reported in Fig. S5 of the ESI,† indicates the
only presence of the PbBr3 phase, as it results from the data
analysis reported in Table 1.

Also based on the XRD results, the XPS data analysis suggests
that only the MAPbBr3 phase is present in the film. As a
consequence, the material transfer from the crystal target of
only the MAPbBr3 phase (see Fig. 1b) to the film, under the
experimental conditions of high background gas pressure and
low laser fluence, is stoichiometric. The presence of PbBr2 is
however detected in the single crystal target after cumulative
depositions, as shown in the XPS spectrum reported in Fig. S5 of
the ESI.† An equivalent amount of PbBr2 and PbBr3 phases was
found on the sample surface by fitting with four peaks the
spectra corresponding to Pb 4f electrons of the PbBr2 and PbBr3

phases. A binding energy difference of 4.8 eV between the
doublets of both crystals was confirmed and an increase in
binding energy of 2.4 eV was found between PbBr2 and PbBr3.
The fitting parameters can also be found in Table S1 of the ESI.†

For optical characterization, absorption and photolumines-
cence spectra were obtained and compared. The absorption
spectra show enhanced absorption in the visible range between
400 and 600 nm with excitonic peaks of the MAPbBr3 phase
between 510 and 520 nm (2.33 and 2.43 eV), see Fig. 5a.

The role of the Ar pressure in the deposition is evident from
the absorption spectra of samples deposited at a low fluence
(0.2 J cm�2) under different gas ambient conditions. The
samples grown at 10�6 mbar do not exhibit peaks and the
excitonic peak of MAPbBr3 appears at B520 nm only as the Ar
pressure increases up to values in the [10�1–1] mbar range.

The PL spectra of a thin sample (100 nm) measured at 12 K
as a function of the excitation power are reported in Fig. 5b.

Fig. 4 A typical XPS spectrum of a thin MAPbBr3 film grown from a single
crystal target under the optimal growth conditions.

Table 1 Fitting parameters of the Pb 4f spectra of the MAPbBr3 film
including the peak position, full width at half maximum (FWHM) and the
relative contributions of Pb 5/2 and Pb 7/2 for Pb

Pb 4f 5/2 Pb 4f 7/2

Center (eV) 142.6 137.8
FWHM (eV) 1.1 1.1
Contribution (%) 40.9 59.1
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The highest excitation power used is equivalent to about 100
sun with the lowest value being about 10�4 sun. Two important
aspects can be extracted from the PL spectra at 12 K. The first
one is that the intensity of the emission at energy below the
excitonic one is very weak, barely visible only at the lowest
excitation density. An excitation of about 10�3 sun already
shows the saturation of defect-related signals. This is a clear
indication of the superior optical and structural quality of our
samples. The second aspect is that the dependence of the PL
intensity on the excitation density is almost linear (see Fig. 5c)
demonstrating the excitonic-like character of the signal. The
linearity at low excitations is also a further indication of the low
defect density present in the samples. We have to report that
the increase of the film thickness results in a stronger emission
from defect-related recombination (see Fig. S6 of the ESI†).
We also compared the optical qualitity of thin films grown from
pellets and from single crystal targets with that of the single
crystal. The PL energy of the single crystal lies at energies
slightly below that of the two thin films (see Fig. S7 in the
ESI†). This is due to the high density of defects present in the
single crystals, as also testified by the presence of a low-energy
shoulder in the relative spectrum. These PL results further
confirm the stoichiometric transfer from the crystal to the film.

Finally, the temperature dependence of the PL is shown in
Fig. 5d. The PL peak smoothly blue-shifts as the temperature is
increased and no evidence for effects of the phase transitions
on the PL energy is observed. The PL spectra of MAPbBr3 films
of thickness lower than 100 nm differ from those reported for
single crystals5 and nanosheets of MAPbBr3,26 where more
peaks are present at RT. The difference between samples of
different origins is likely due to density and type of the
structural defects that form during the different growths. The
presence of a single, excitonic, peak in the PL spectra of our

samples is a further indication of the superior quality of our
thinner films.

Finally, we prepared a semitransparent MAPbBr3-based
device depositing a perovskite layer of 300 nm by PLD on
FTO-glass/TiO2 substrates, and obtaining a structure with
PTAA (poly[bis(4-phenyl)(2,4,6-trimethylphenyl)amine]) and ITO
(indium tin oxide) layers. Current density ( J) vs. voltage (V)
characteristics are shown in Fig. 6a together with a photograph
of the semitransparent cells. The external quantum efficiency
together with the integrated short circuit J are shown in Fig. 6b.
The photovoltaic parameters extracted from the JV characteris-
tics are shown in Table 2. The efficiency of the cell, around 0.7%,
needs to be compared with that of a semitransparent solution
process-deposited MAPbBr3-based PSC that without post-
treatments can achieve a performance of around 5%.27 The
lower efficiency of MAPbBr3-based PLD cells compared to that
of the solution processed or to the MAPbI3-based cells14,28

suggests that thickness and homogeneity coverage of the per-
ovskite layer should be optimized to increase the VOC and PCE
values towards 1.5 V and 7%, respectively.2,29–32 The excellent
optical quality of the thinner films suggests that the major
efforts to improve the device performance consist of a better
control of the growth process as the growth time increases. The
preliminary results shown here indicate that the potential of PLD
for perovskite growth is high and could be exploited in applica-
tion where conformability to the substrate is important such as
for example the case of perovskite/silicon tandem solar cells.33

4. Conclusions

Very high-quality perovskite films were successfully grown by on-
axis PLD, at low laser fluence and from stoichiometric targets. By
increasing the Ar pressure during the deposition up to values in

Fig. 5 (a) Absorption spectra of MAPbBr3 films grown at different Ar pressures showing the evolution of the characteristic peak. (b) PL spectra for
different laser power values. The laser power of 10 mW corresponds to an excitation density of about 1 kW m�2 close to a density power of 1 sun. (c) PL
intensity as a function of excitation power and (d) PL spectra as a function of temperature between 12 and 290 K.

Paper Journal of Materials Chemistry C

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

5 
Ju

ly
 2

02
4.

 D
ow

nl
oa

de
d 

on
 5

/1
1/

20
26

 6
:2

1:
42

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4tc00563e


This journal is © The Royal Society of Chemistry 2024 J. Mater. Chem. C, 2024, 12, 13141–13148 |  13147

the mbar range, we minimized the loss of stoichiometry due to
light species scattering, allowing the growth of single a-phase
MAPbBr3 films with an extremely low density of defects as
indicated by low-temperature PL.

The structural stability of the films, investigated as a func-
tion of the temperature, showed that the film structure is
preserved down to 230 K, whereas structural transitions occur
at temperatures in between 233–223 K and 163–153 K corres-
ponding to structural changes from the cubic to tetragonal and
from tetragonal to orthorhombic lattices. XRD and optical
absorption spectra underline the role of the Ar pressure in
the growth process. Photoluminescence measurements demon-
strate the exciton-like character of the radiative recombination.
The present results represent a first step towards the growth of
high quality thin films via PLD of single-crystalline targets.
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