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ABSTRACT: Hybrid halide perovskites have achieved excellent efficiencies and
remarkable performances, not just in photovoltaic cells but also in light-emitting
devices, such as light-emitting diodes, light-emitting transistors, and lasers. The lack of
long-term stability is the main limitation for the commercial application of perovskite
devices. While several works have investigated the origin of the degradation of
perovskites in regard to solar cell applications, the operational stability of perovskites
under the optical pumping regime necessary for optical gain and lasing is largely
unexplored. In this work, we investigate the origin of the photodegradation of
amplified spontaneous emissions (ASE) in MAPbBr3 thin films under nanosecond-
UV laser irradiation as a function of the pump excitation density in different
environments (air and vacuum). The correlation between the observed ASE
operational stability and the irradiation-induced variations in the local morphology
and emission properties allowed us to demonstrate that the main process leading to
ASE quenching is related to the film melting induced by localized heating. This also induces a bromine loss. Our results are relevant
for the development of suitable strategies to improve the ASE values and the lasing operational stability of lead halide perovskite
films.

■ INTRODUCTION

Hybrid metal−lead halide perovskites, such as MAPbX3

(where MA = methylammonium and X = Cl, Br, or I or
mixed Cl/Br and Br/I systems), have recently emerged as an
innovative class of photovoltaic materials with high efficiencies
due to their large absorption coefficients, excellent charge
mobilities, and high diffusion lengths.1−11 Thanks to the
combination of the above-mentioned outstanding properties
and a low-cost deposition process from solution, inexpensive
solar cells with certified power conversion efficiencies up to
25.2%12 have been realized. In addition, it has been
demonstrated that these materials also exhibit good light
emission properties that allow them to be employed as active
materials for light-emitting diodes (LEDs)13−20 and light-
emitting transistors.21 Furthermore, after the first evidence of
high optical gains and efficient amplified spontaneous
emissions (ASE) in the bulk polycrystalline thin films of
MAPbX3,

22 lead halide perovskites started to be investigated as
possible active materials for lasers.19,20,22−34 In particular, ASE
has been demonstrated in bulk polycrystalline thin films of
organic−inorganic22,26,28,35 and fully inorganic perov-
skites36−38 as well as in perovskite nanocrystal
films.25,30−33,39 These results allowed for the realization of
optically pumped perovskite lasers with different cavity
geometries,24 such as microcavity lasers,23 distributed feedback

lasers,29,34 whispering gallery mode lasers,27,30 and random
lasers.30

Despite these promising properties, the possibility of a
practical application to devices is actually limited, mainly due
to the lack of long-term stability. Indeed, it has been
demonstrated that perovskite degradation can be induced by
illumination, heating, and exposure to oxygen or mois-
ture,28,40−47 leading to variations in the film morphology,
composition, and structure and a worsening of the perform-
ance of the devices. A deep understanding of the physical and
chemical processes leading to the degradation of the active thin
films is thus necessary in order to determine the best strategy
to develop materials and devices with improved operational
stabilities. To date, most of the experiments on perovskite
degradation have been focused on solar cells.48−53

The possible use of metal halide perovskites in light-emitting
devices has also stimulated experiments regarding the stability
of the photoluminescence (PL), which highlighted the
importance of several factors, such as the wavelength43 and
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the time regime (from CW to fs laser pulses) of the excitation
as well as the sample environment.42,44,46 Considering the
strong optical pumping regime necessary to reach the
population inversion conditions necessary to achieve optical
gain and lasing, the active material stability is expected to be
particularly critical in the working conditions of a laser device.
Despite this, the investigation of the ASE and the lasing
operational stability is limited to the characterization of the
time scale of the intensity decrease during continuous
pumping22,54−57 and the development of possible approaches
to increase it.28,33,39 However, the origin of the active material
degradation that leads to the ASE intensity decrease is to date
completely unexplored.
In this paper, we investigate this issue for the first time by

quantitatively studying the ASE operational stability of
MAPbBr3 thin films as a function of the pump excitation
density and the environment. We demonstrate that the ASE
threshold is independent of the environment but that at any
excitation density above the threshold the ASE intensity is
higher in air than in a vacuum. We also show, by PL mapping
and SEM, that the ASE degradation in a vacuum is mainly
related to a variation in the film morphology in the region of
the maximum pump intensity, leading to a localized PL
quenching for excitation densities up to 3× the ASE threshold.
At excitation densities of at least 4.5× the ASE threshold,
localized film melting takes place that leads to a fast ASE
intensity decrease and the photodegradation of the active
material, which in turn leads to bromine loss. We finally
demonstrate that the film pumping in air beyond the
degradation processes is qualitatively similar to that in a
vacuum, allowing for an improvement of the emission
properties ascribed to oxygen-induced defect passivation and
leading to an ASE intensity recovery and overall better
intensity stability than in a vacuum.
These results show that the main element causing the

degradation of MAPbBr3 is the localized heating caused by the
strong optical pumping and suggests that heat dissipation
optimization is a critical feature for the development of
optically pumped perovskite lasers with high operational
stabilities.

■ EXPERIMENTAL SECTION

Sample Fabrication. Quartz substrates were first sequen-
tially cleaned in a decon soap with deionized water and
isopropanol for 15 min each. The substrates were then blow-
dried with N2 and ozone-treated for 30 min prior to spin-
coating. Next, 0.3−0.5 M MAPbBr3 perovskite solutions were
prepared by dissolving MABr and PbBr2 in a DMF:DMSO
cosolvent (25% DMSO) at a ratio of 1.05:1. The films were
fabricated using a widely reported solvent engineering process,
where 40 μL of the perovskite solution was spin-coated onto
the substrate at 5000 rpm for 30 s, followed by toluene
dripping 5 s later. The films were then dried under vacuum for
30 min before any measurements were made. The obtained
films had a thickness of about 120 nm.
Photoluminescence and Amplified Spontaneous

Emission. The photoluminescence properties were explored
by pumping the films with a nitrogen laser at 337 nm by
delivering 3 ns pulses with a repetition rate of 10 Hz. The
pump beam was focused onto the sample surface by a
cylindrical lens in a rectangular stripe with a length of about 4
mm and width of 80 μm, which was characterized by a
transverse Gaussian profile with a superimposed peak

corresponding to its maximum (Figure S1). The emission,
which was waveguided by the active film, was collected from
the sample edge at the corresponding end of the excitation
stripe by means of an optical fiber coupled to a spectrometer
(ACTON SpectraPro-750) equipped with a CCD (Andor).
The spectral resolution was about 0.5 nm. Measurements were
performed in a vacuum (at a pressure of about 10−2 mbar) and
in air (at atmospheric pressure) at room temperature.

Degradation Experiments. The samples were photo-
pumped at normal incidence with the N2 laser at different
pump energy densities (about 1.5, 3, 4.5, and 6× the ASE
threshold) for a maximum of 8 min (4800 pulses). The PL
spectra were recorded every 2 s in order to investigate the
degradation dynamics.

Scanning Electron Microscopy and Energy-Disper-
sive X-ray Spectroscopy. Scanning electron microscopy
(SEM) images were collected using a high-vacuum tungsten
filament microscope (JEOL JSM-6480LV, dedicated software:
SEM/JSM 5000) with a working bias of 5 kV. Elemental
distribution was inferred through energy-dispersive X-ray
(EDX) analyses (IXRF analyzer 500, dedicated software:
EDS 2008) with a working bias of 20 kV.

Fluorescence Microscopy. Fluorescence maps of the
areas previously pumped with the N2 laser were recorded by
means of a Nikon Eclipse C1 inverted microscope by exciting
the samples with a Hg lamp in the range of 480 ± 15 nm. The
PL was collected in a backscattering configuration and
detected in the range of 530 ± 20 nm.

■ RESULTS AND DISCUSSION

Photoluminescence Excitation Density Dependence.
As a first step, we characterized the emission properties of the
film by measuring the excitation density dependence of the PL
spectra both in a vacuum and in ambient conditions. In both
cases, a spontaneous emission (SE) band centered at about
530 nm was observed at low excitation densities (Figure 1a and
b), while a clear ASE band appeared at 553 nm with a
threshold of 0.22 mJ cm−2 and a strongly increasing peak
intensity above the threshold (Figure 1c). The excitation
density dependence of the ASE intensity allowed us to observe
that, despite the identical thresholds in a vacuum and in air, the
ASE intensity shows a stronger increase with the excitation
density in air than in a vacuum. This is evidenced by an
intensity at 1.30 mJ cm−2 that is about 2× larger in air than in a
vacuum. A similar effect was also observed for the excitation
density dependence of the SE peak intensity at about 530 nm
(Figure S2), showing that the SE intensity in air was about
1.2× higher than in a vacuum.

ASE Intensity Stability as a Function of the Excitation
Density. The emission intensity stability during continuous
laser pumping was investigated at four different excitation
densities above the ASE threshold (namely 1.5, 3.0, 4.5, and
6.0× the ASE threshold excitation density) by measuring the
PL spectra every 2 s (every 20 laser pulses) under continuous
pumping along a time interval of 8 min. The SE peak intensity
(Figure S3) does not decrease during continuous laser
pumping even at the highest excitation density, both in a
vacuum and in air. By contrast, the ASE peak intensity (Figure
2) shows a clear intensity variation with time that depends on
both the excitation density and the environment.
At the lowest excitation density of 0.34 mJ cm−2 (1.5×

above the ASE threshold), the ASE is stable in both a vacuum
and air. As the excitation density increases, the ASE intensity
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decreases with trends and times that depend on the energy
density and the environment.
Sample irradiation in a vacuum at an excitation density of

0.65 mJ cm−2 (3× above the ASE threshold) leads to a
progressive decrease of the ASE intensity (Figure 2a). When
the excitation density was further increased to 1.01 mJ cm−2

(4.5× above the ASE threshold), two ASE degradation regimes
were observed; the first dominates in the initial 80 s and leads
to the loss of about 40% of the initial intensity, and a second
slower one at higher irradiation times leads to the loss of about
10% of the intensity in the remaining 400 s. At the maximum
excitation density of 1.30 mJ cm−2 (6× above the ASE
threshold), the fast process becomes even faster and leads to
the loss of about 50% of the intensity, which was followed by a
slower decay. Overall, the ASE degradation becomes stronger
as the irradiation energy density increases, as evidenced by the

progressive decrease of the relative final (remnant) ASE
intensity.
When the sample was irradiated in air at 0.65 mJ cm−2, we

observed an ASE decay faster than that in a vacuum. The
presence of the two temporal regimes was instead observed
under irradiation at 1.01 mJ cm−2, but the initial fast
degradation was unexpectedly followed by an intensity
recovery that dominated for irradiation times higher than
about 100 s and leads to a final relative intensity higher than
the one at 0.65 mJ cm−2. Finally, at the maximum irradiation
energy density the initial fast-intensity decay was present in the
first 60 s and was then followed by an almost constant
intensity, with a further clear increase of the final relative
intensity.
In order to quantitatively analyze the previous results, the

ASE intensity decays in Figure 2 have been fitted with the
function

τ
= − +

ikjjjjj y{zzzzzI t A
t

I( ) exp
ASE

0
(1)

where τASE and I0 represent the photostability mean lifetime
and the remnant ASE emission of the MAPbBr3 films,
respectively. The best-fit values for these parameters are
summarized in Table 1.
By comparing the obtained values of τASE, one can notice

that while in a vacuum the degradation rate progressively
increases with the excitation density, in air the initial fast
degradation is followed by a slowing of the process when the
excitation density increases from 1.01 to 1.30 mJ cm−2.
Moreover, by comparing the curves at 1.30 and 0.65 mJ cm−2

in air, one can notice that even if the film degrades more
rapidly at 1.30 mJ cm−2 than at 0.65 mJ cm−2 (the
photostability mean lifetime τASE is lower), the remnant ASE
emission grows with an increase in the excitation density due

Figure 1. Excitation density dependence of the PL spectra of the
sample both in (a) a vacuum and (b) air. (c) The excitation density
dependence of the ASE peak intensity (the lines are guides for the
eyes). The arrow indicates the ASE threshold.

Figure 2. Normalized ASE peak intensity as a function of time during
continuous laser pumping at different excitation densities in (a) a
vacuum and (b) air.
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to some processes that sustain the amplified spontaneous
emission and overcome the degradation in air. This process
will be investigated in the following section.
Overall, our results highlight that SE emissions do not

decrease regardless of the excitation energy, whereas laser
pumping induces ASE degradation for excitation densities
higher than 1.5× the threshold. However, after an initial quick
decrease the ASE peak remains almost stable for longer
irradiation times (Figure S4), and the growth of the remnant
ASE intensity is more rapid in air than in a vacuum (Table S1).
Morphological and Local Emission Laser-Induced

Effects. In order to investigate the processes that cause the
decrease in the ASE intensity and to explain the observed
excitation densities and environment dependence, we inves-
tigated the effects of irradiation on the film morphology and
the local emission properties by scanning electron and
photoluminescence mapping microscopy (Figure 3) at the
end of each irradiation cycle.
Irradiating the film at 0.34 mJ cm−2 in a vacuum (Figure 3a)

did not lead to any morphological variations, which is
consistent with the stable value of the ASE intensity. A clear
track corresponds to the most intense part of the laser beam
profile, where the sample at a higher laser density becomes

wider as the excitation density increases (Figure 3b−d). In
particular, as detected from SEM micrographs, the laser
footprint width when the sample is irradiated in a vacuum
progressively increases from about 2 μm to about 7 μm when
the excitation density is increased from 0.65 to 1.30 mJ cm−2

(Figure 4a). Moreover, irradiation at an excitation density
above 1.01 mJ cm−2 also causes a granular morphology in the
central region of the pump stripe, suggesting that the energy
transferred from the laser beam to the MAPbBr3 film is high
enough to induce melting. When the film is irradiated in air,
the results (Figure 3i−l) are qualitatively similar, but the
widths of the footprints induced by the laser are smaller than
those observed for excitation in vacuum (Figure 4a).
Concerning the PL maps after the irradiation in a vacuum,

we observed no PL intensity variations at an excitation density
of 0.34 mJ cm−2 (Figure 3e), while clearly localized PL
quenching was observed at higher excitation densities (Figure
3f−h). The width of the region showing the PL quenching
progressively increases with the excitation density (Figure 4a),
and at the two higher excitation densities they are much larger
than the width of the laser footprints observed in the SEM
images. We also observed that a clear high-intensity line can be
seen in the middle of the quenched area exposed at the

Table 1. Best-Fit Parameters for the Normalized Degradation Curves at Different Excitation Densities in a Vacuum and in Air

vacuum air

excitation density (mJ cm−2) I0 τASE (s) I0 τASE (s)

0.34 0.915 ± 0.002 0.91 ± 0.04

0.65 0.60 ± 0.02 575 ± 50 0.599 ± 0.002 112 ± 3

1.01 0.5179 ± 0.0011 52.6 ± 0.9 0.6239 ± 0.0010 26.7 ± 0.8

1.30 0.4669 ± 0.0007 17.3 ± 0.3 0.7443 ± 0.006 30.1 ± 0.8

Figure 3. Comparison of 21 × 15.8 μm2 top-view scanning electron microscopy (SEM) images (a−d and i−l) and 20 × 15 μm2
fluorescence maps

(e−h and m−p) of the irradiated areas following continuous laser pumping for 8 min at different excitation densities in a vacuum (left) and in air
(right). The scale bar is 5 μm.
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maximum excitation density (Figure 3h), suggesting that the
recrystallization after melting leads to a photoluminescent
perovskite structure.
For the sample irradiated in air, we observed similar results

(Figure 3m−p). However, the region containing the PL
quenching is much thinner than that in a vacuum and also than
the laser footprint visible in the SEM images. These results
demonstrate that laser exposure in a vacuum leads to a local
variation of the film properties, resulting in a PL quenching
that is also present in regions with unmodified morphologies.
When the measurements are performed in air, the local
morphology variations induced by the irradiation of the laser
do not necessarily induce PL quenching.
In order to rationalize the previous results, we estimated the

local temperature increase due to the heat induced by the laser
light absorption. In our experimental conditions, the increase
of surface temperature after the laser pulse is given by

α

ρ
Δ =T

D

c (2)

where D is the excitation energy density of the laser and α, ρ,
and c are the absorption coefficient, the mass density, and the
specific heat of the sample, respectively.

By analyzing the surface irradiated at the average excitation
energy density over the total laser spot of 1.30 mJ cm−2

through electron microscopy, we found that the morpholog-
ically modified area (Figure 3d) corresponded to the central
part of the beam that is characterized by a higher local
excitation energy density. By considering the spatial intensity
distribution of the beam (Figure S1), we evaluated the
excitation energy density in the center of a laser beam of about
2.6 mJ cm−2, leading to an estimated temperature increase of
about 270 °C; this is well above the melting point of MaPbBr3
(>200 °C).58 The estimated temperature increase is an upper
limit, as part of the absorbed energy is radiatively dissipated.
This estimation supports the attribution of the observed
morphology modifications to localized melting followed by
rapid resolidification. The solidification occurs with the growth
of small spherical clusters as shown in Figure S5, which shows
the details of the central part of the irradiated area that is
characterized by the typical morphology of a melted layer and
is successively resolidified. However, in the side regions the
temperature that is reached is not high enough to induce
melting but is instead sufficient in order to modify the
morphology and photoluminescence of the film (see the
fluorescence maps in Figure 3). In particular, the observation
that in a vacuum the PL is quenched in a region larger than the
one in which the morphology changes shows evidence of the
formation of nonradiative defects, which are probably related
to the heating of the local film. On the contrary, in air the PL
quenching region is smaller than that observed in the SEM
images, and the PL intensity outside the melted region is
enhanced. This suggests that the local heating, when combined
with oxygen, allows for the film recrystallization that enhances
the PL quantum yield. This explains the progressive reduction
in the ASE relative quenching as the excitation density
increases. Lastly, in the lateral sides heated by the Gaussian
beam tails neither morphological nor emission degradation is
provoked. This explanation is also consistent with the absence
of a decrease in the SE intensity during illumination. Indeed,
the SE mainly comes from the side of the pump stripe, where
the excitation density is very low (less than the ASE threshold)
and degradation does not take place.
Analogous considerations can be made for the irradiation at

1.01 mJ cm−2 (Figure 3c). The energy density in the central
region of the footprint leads to a temperature increase of about
210 °C, which is above the melting point of the film. In
contrast, at 0.65 mJ cm−2 (Figure 3b) the temperature increase
(about 135 °C) is not enough to induce melting in the film,
even if the evident morphological and emission variations are
still visible. At 0.34 mJ cm−2 (Figure 3a and e), the energy
density is too low to induce any type of degradation in the
irradiated film.
From the analysis of the ASE peak dynamics in a vacuum on

the basis of the estimated temperatures in the irradiated areas,
one can notice that when the irradiation induces melting in the
film the ASE degradation becomes faster and the remnant ASE
emission decreases. In contrast, no ASE degradation is present
at the lowest used energy density where no modifications are
detected by microscopy.
In order to understand the different behavior in air, and in

particular the lower values of the laser footprint widths (Figure
3i, k, l, n−p and the graph in Figure 4a), we investigated the
possible role of a more efficient heat dissipation that leads to
lower values of the local temperature.

Figure 4. Footprint width in a vacuum and in air as detected from
SEM images and fluorescence maps as a function (a) of the excitation
density under continuous laser pumping and (b) the time at 1.30 mJ
cm−2.
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Heat loss from a film can generally take place via different
processes that would induce different reductions of the film
surface temperature in air compared to irradiation in a vacuum.
In our experimental conditions, at atmospheric pressure
convection is expected to be the main cause of the reduction
of the temperature increase induced in the film by laser
irradiation in air. Indeed, heat loss by thermal radiation and
direct energy absorption by the ambient energy from the laser
radiation, which lowers the energy impinging onto the surface,
can be ignored. Furthermore, because of the very different
thermal conductivity values of MAPbBr3, air, and glass
substrates (kMAPbBr3 = 44 × 10−4 W K−1 cm−1, kair = 2.6 ×

10−4 W K−1 cm−1, kglass = 10−2 W K−1 cm−1), the contribution
of heat flow via heat conduction can be considered negligible.
Regardless, it is important to observe that although a

reduced local temperature increase would actually lead to a
smaller width of the degraded region, this feature alone cannot
fully explain the observed ASE degradation dynamics.
Decreased heating would actually lead to a degradation
dynamic variation with the excitation density similar to that
in a vacuum, and eventually one with a slower degradation and
a higher remnant intensity. Instead, our results at 1.01 mJ cm−2

clearly show the interplay between a fast degradation, ascribed
to the film melting, and a second process leading to an increase
in the ASE intensity. This strongly suggests that the reduced
heating in air is not the main effect that determines the
differences between the degradation dynamics in air and in a
vacuum.
Compositional Laser-Induced Effects. In order to probe

the differences between the active film degradation processes
in air and in a vacuum, we also performed elemental analyses

by means of EDX (energy-dispersive X-ray) investigations over
the surface (Figure S6). The average relative atomic ratio of Br
to Pb (Br:Pb) in the nonmelted areas of the film is equal to
3.44 ± 0.13, while in the laser melted regions it is equal to 1.42
± 0.18 in a vacuum and 0.88 ± 0.13 in air. Thus, in the
nonmelted regions the ratio is compatible with the
stoichiometry of MAPbBr3, whereas irradiation induces a
clear loss of bromine in the melted areas; this loss is much
higher in air than in a vacuum.
In previous works it has been shown that the MAPbBr3

degradation under light exposure or at high temperature is due
to the following reaction52

→ + +MAPbBr PbBr CH NH HBr2 3 23 (3)

which represents an irreversible decomposition of MAPbBr3
due to the loss of Br in the form of gaseous HBr. Since the
Br:Pb value deviates from the stoichiometric ratio only in the
melted areas, we can state that in our films in the degradation
processes the thermally activated reactions due to the increase
in temperature are much more relevant than photodecompo-
sition due to the direct interaction of the material with the laser
beam. The stronger bromine loss in air is consistent with
previous investigations in the literature, showing the possible
PbBr2 decomposition in the presence of oxygen and under
laser irradiation that leads to the formation of PbO and volatile
Br2.

47

The evidence of the ASE intensity recovery only during
irradiation in air clearly shows the presence of a second process
in addition to photodegradation that improves the emission
properties. This result is consistent with the observed increase
in the PL intensity in the MAPbI3 thin films that were

Figure 5. Comparison of the 21 × 15.8 μm2 top-view scanning electron microscopy (SEM) images (a−d and i−l) and 20 × 15 μm2
fluorescence

maps (e−h and m−p) of the irradiated areas at 1.30 mJ cm−2 excitation density after different time lapses in (left) a vacuum and (right) air. The
scale bar is 5 μm.
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irradiated in air, which is ascribed to the formation of highly
reactive superoxide O2

−. These reactive species could enhance
the decomposition reaction of MAPbBr3, leading to the
formation of methylamine, water, PbBr2, and Br2.

59 However,
on the other hand they could result in defect passivation and
PL enhancement.60,61

Considering the clear correlation between the local melting
of the films and the ASE quenching, it is reasonable to assume
that the observed remnant ASE emission mainly comes from
the nonmolten regions of the films. This suggests that the
enhancement of the remnant ASE emission observed in air
could be attributed to oxygen-induced defect passivation in the
lateral regions of the laser footprint. This attribution explains
both the increase of the remnant normalized ASE emission in
air from 0.65 to 1.30 mJ cm−2 as well as the higher ASE
lifetime at 1.30 mJ cm−2 compared to that evaluated at 1.01 J
cm−2.
Concerning the origin of the passivated defects, we observed

that the main nonradiative recombination centers in lead
halide perovskites films are related to the surface or bulk defect
states, both of which are of chemical and structural (grain
boundaries) origin. In particular, in MAPbBr3 the most
probable cause of quenching could be due to the presence of
Br vacancies that may act as nonradiative recombination
centers. During irradiation in air, reactive oxygen species could
passivate the halide vacancies and deactivate the trapping sites
responsible for the nonradiative charge recombination. More-
over, oxygen-assisted recrystallization has been also proposed
in the literature50 and results in similar effects. Therefore, the
ASE enhancement observed during the irradiation in air may
be due to either the passivation of the surface and bulk defects
or an improved crystallinity with oxygen related to the
photoinduced reaction.
Degradation Dynamics. As a final point, in order to

further correlate the faster ASE degradation dynamics to the
film morphological degradation we also performed SEM
measurements and fluorescence mapping (Figure 5) at the
intermediate steps of the irradiation (2, 4, 6, and 8 min) at the
highest used excitation density. In the SEM micrographs, the
presence of film melting in the central part of the pump stripe
is quite evident within 2 min in a vacuum and within 4 min in
air. From there, the damage and the width of the footprints
increase very slowly and finally are almost constant (Figure
4b).
From the ASE behavior, we found that the degradation

occurs mainly within the first minute (< 600 pulses); in
particular, the ASE intensity decreases very rapidly in the first
minute (Figure S7) and is characterized by τASE values of about
17 s in a vacuum and 30 s in air. The higher value of τASE in air
than in a vacuum is in accordance with the higher irradiation
time necessary to observe the film melting morphological
effects, which is likely due to a smaller local temperature
increase. These results are consistent with the attribution of
the faster ASE degradation dynamics to the film melting.
Indeed, the remnant ASE emission in air is higher than that in
vacuum because the damaged area is thinner and the region
contributing to the emission is larger.

■ CONCLUSIONS

In summary, we have demonstrated that laser irradiation of
MAPbBr3 thin films with nanosecond pulses at excitation
densities higher than the ASE threshold does not affect the SE,
although it can result in ASE degradation and local variations

of both the film morphology and the PL intensity. For energy
densities as low as 1.5× the threshold, the ASE intensity and
the film morphology are stable over continuous illumination
for over 500 s. Instead, by increasing the excitation density
both localized morphological variations corresponding to the
central part of the pump stripe and a decrease in the ASE
intensity are observed. At the highest used values of the
average energy density (up to 4.5 and 6× the ASE threshold),
the energy absorbed by the material, which corresponds to the
maximum intensity of the beam, is high enough to melt off the
film. The morphology of these areas appears deeply modified
due to the melting and subsequent resolidification of the
material. This thermal process is responsible for the fast ASE
degradation of the samples, with a characteristic time faster
than 1 min, and for the slower ASE intensity variations
observed for longer irradiation times. We also showed that the
ASE properties (intensity and stability) are improved when the
film is pumped in air, suggesting that the interaction with
oxygen has overall positive effects on the emission properties
of MAPbBr3. In general, our results show that the main issue to
be addressed in order to improve the ASE operational stability
of perovskite thin films pumped in the nanosecond regime is
heat dissipation, rather than encapsulation in order to prevent
chemical decomposition. This issue could be addressed by, for
example, pumping the films as close as possible to the
absorption peak, thus decreasing the heating due to the energy
difference between the pump photons and the emitted ones, or
by improving the heat conductivity of the substrates. Lastly,
the different contributions to the total emission from the
spontaneous and the stimulated emissions and the behavior of
the stimulated emissions that results from the interplay
between the degradation ascribed to the film melting at the
center of the laser spot and the intensity increase in air
attributed to the oxygen-induced defect passivation in the
lateral regions of the laser footprint are due to the
inhomogeneity of the laser intensity profile. A uniform
distribution of the local excitation energy density will probably
allow for better control of the emission properties.
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