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ABSTRACT: Previous studies have shown that the degradation rate
of metal halide perovskites in an ambient atmosphere increases with
the amount of tensile stress, which primarily arises from the coefficient
of thermal expansion mismatch with the substrate. In this work, we
show the first evidence of tensile stress relaxation in perovskite films
resulting from moisture uptake. Indeed, for multiple perovskite
compositions we observe that tension relaxes rapidly in ambient
conditions, as compared to inert conditions, with quartz crystal
microbalance measurements showing a mass density increase on a
similar time scale indicative of moisture uptake. The uptake of
moisture at free surfaces, including grain boundaries, can reduce
tension in a constrained film, similar to how adatom diffusion reduces
residual stress following thin film formation. Unfortunately, the uptake
of moisture can catalyze other degradation mechanisms such as PbI2 formation or a transition to a nonperovskite structural
phase. Stress-induced uptake of moisture is an especially important problem for all-inorganic perovskites because they are
annealed at much higher temperatures, causing high tensile stress. It explains the unusually poor ambient stability of these
perovskites. Using a diethyl ether antisolvent bath to attach CsPbI2Br to the substrate at a much lower temperature, we
reduced the initial tensile strain from 0.43 ± 0.04% to 0.12 ± 0.05%, thus reducing the driving force for moisture uptake and
improving its ambient phase stability by over a factor of 15.

Perovskite photovoltaics would benefit from further
improvements in the operational stability given their
promising power conversion efficiencies of single

junction cells (>26%) and tandems (33.9%).1 Environmental
factors, such as light, heat, moisture, and oxygen, can accelerate
perovskite degradation with the formation of PbI2,

2 reduction/
oxidation reactions that form Pb(0) and I2 (gas),

3−6 structural
rearrangements into nonphotoactive materials,7 or the release of
volatile organic components.8 Several effective methods to
improve stability include the use of redox shuttles to reverse
halide oxidation/metal reduction,9,10 physical barrier layers to
prevent oxygen/moisture ingress,11 and grain boundary and
surface passivation to nullify the reactivity of defects.12

Thin film stress, and specifically tension, has been shown to
accelerate degradation mechanisms and leaves brittle perov-
skites susceptible to fracture and delamination.13−16 Recent
reviews and studies highlight the importance of stress
manipulation as an effective strategy to improve perovskite
solar cell stability and mechanical reliability.17−22 While there
are several sources for intrinsic stress development during a
solution process, such as grain coalescence,23 the coefficient of
thermal expansion (CTE)mismatch between the perovskite and

underlying substrate is often the largest contributor to the
perovskite’s in-plane, biaxial tension.13,24 The expected thermal
stress in the perovskite is expressed as25
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where Ef is the Young’s modulus of the perovskite film, νf is the
Poisson’s ratio of the perovskite film, εΔT is the thermal strain, αs
is the CTE of the substrate, αf is the CTE of the perovskite film,
T is the current temperature, and Tref is the temperature where
zero thermal strain is present in the perovskite.24,25

Tref is conceptualized as the temperature at which the
perovskite structure mechanically attaches to the underlying
substrate. While Tref depends heavily on the perovskite
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composition, ink formulation, and fabrication method, it is also
often strongly dependent on the annealing temperature.24 When
perovskite films are cooled from high anneal temperatures
(100−350 °C), tension is expected, as the attachment to the
underlying substrate prevents the perovskite lattice from
intrinsically contracting.13

Tension has been linked to poor stability for various
perovskite compositions.13,14,26 For example, Zhao et al. and
Rolston et al. independently demonstrated that the formation of
PbI2 occurs faster in perovskite films with externally applied
tension compared to films under applied compression for a
reduced and elevated moisture environment, respectively. In
addition, residual tension in the perovskite film has been linked
to accelerated device efficiency decay during long-term stability
testing compared to that of residual compression.17 In
traditional metal thin films, tension has been shown to create
a driving force for the diffusion of surface adatoms into grain
boundaries of a polycrystalline film to relax its stress.27−29 We
posit that residual tension resulting from CTE mismatch during
perovskite thin film manufacturing can provide a driving force
for the volumetric uptake of environmental adsorbates, such as
moisture, which are known to interact with perovskite surfaces.
Here, for the first time, evidence of perovskite stress relaxation

in an ambient environment is presented for several perovskite
compositions, including FAPbBr3, MAPbI3, and MAPbBr3.
Stress relaxation is attributed to the volumetric mass uptake of
moisture within the perovskite film (e.g., grain boundaries and
internal free surfaces). This observation is used to develop a new

framework to understand the relationship between tension and
the rapid degradation of perovskites. We hypothesize that the
driving force for moisture uptake can be limited by lowering
initial tension, which reduces the volumetric uptake of moisture
and improves long-term stability. We then test this hypothesis
with an inorganic CsPbI2Br perovskite composition that is
notoriously moisture sensitive and show that lowering initial
tension significantly improves the perovskite phase stability.
In Figure 1A, we show stress, measured with a multibeam

optical sensor (MOS) laser substrate curvature system, for a
FAPbBr3 perovskite as a function of time after cooling from an
anneal (150 °C) in three environments: ambient (dark, 25 °C,
30−35% relative humidity), N2 (dark, 25 °C, <1% relative
humidity), and dry air (dark, 25 °C, <1% relative humidity). The
corresponding strain, separately measured with the XRD:sin2ψ
method, is shown in Figure 1B for an inert (N2) and ambient
environment (Notes S1 and S2 in the Supporting Information).
Tension is initially present in FAPbBr3 (78 MPa stress, 0.73%
strain), as expected from the CTE mismatch with the silicon
substrate (eq 1), but rapidly decays in an ambient environment.
Upon reannealing at 150 °C, the tension in the perovskite film
recovers to its prerelaxed value (Figure 1B). For perovskite films
in inert (N2) or dry air environments, a decrease in tension is
observed, but at about an order of magnitude slower rate than
the relaxation in ambient. A separate work is being prepared to
discuss the mechanisms and implications of intrinsic stress
relaxation for perovskites in N2, which is beyond the scope of
this study. Exponential fits were applied for stress and strain

Figure 1. (A) Stress versus time for FAPbBr3 on a silicon substrate in inert (black) (N2, dark, 25 °C, <1% relative humidity), dry air (teal) (dark,
25 °C, <1% relative humidity), and ambient (blue) (dark, 25 °C, 30−35% relative humidity) environments. Stress measured with a multibeam
optical sensor (MOS) laser substrate curvature system. (B) Strain versus time for FAPbBr3 on a silicon substrate in inert (red) (N2, dark, 23 °C,
<0.1 ppm of H2O) and ambient (orange) (dark, 23 °C, 25−30% relative humidity) environments. Strain increases after reannealing (150 °C for
20min) and cooling back to room temperature. Strain measured with the XRD:sin2ψmethod. (C)Mass density change of FAPbBr3 versus time
in ambient conditions (green) (dark, 25 °C, 25−30% relative humidity) and in N2 (black) (dark, 25 °C, <1% relative humidity). (D) Schematic
of moisture uptake which reduces tension and is reversed by annealing.
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relaxation in N2, dry air, and ambient air, and details can be
found in Tables S1−S5. Relaxation data for additional FAPbBr3
samples are shown in Tables S6 and S7 and Figures S4 and S5.
Importantly, the eventual steady-state stress (σ∞) represents a
critical threshold, below which relaxation and its corresponding
driving mechanism are not predicted to occur. Further, in the
ambient environment, this steady-state stress is substantially
lower than that in either N2 or dry air (∼47 MPa for N2 and dry
air; ∼12 MPa in ambient). Just recently, an initial study of stress
relaxation in MAPbI3 in N2 was published by Samoylov and
colleagues.30 However, to the best of our knowledge, this is the
first evidence of reversible perovskite stress relaxation in an
ambient environment.
The relaxation in an ambient environment closely resembles

the process of diffusional stress relaxation in phosphosilicate
glass.31−34 In this case, moisture sorption onto free surfaces at
voids and internal surfaces decreases the tension in the glass. A
reduction of surface energy and stress was proposed to be the
driving force for moisture adsorption that caused mechanical
forces on the glass that would result in intrinsic expansion
(swelling) and, therefore, compression when confined. Upon
heating, the moisture was released from internal voids and the
stress within the phosphosilicate glass returned to its original,
prerelaxed state.31

For FAPbBr3 in an ambient environment, it appears that a
similar phenomenon is responsible for the observed tensile
stress and strain decay over time. In fact, a mass density increase
of ∼110 ng/cm2 was detected within 60 min of exposure to an
ambient environment with quartz crystal microbalance (QCM)
measurements (Figure 1C) (FAPbBr3 film thickness ∼240 nm).
Over the same time only a minimal mass density change was
observed in N2 (<10 ng/cm2). This change in N2 could be
considered a baseline that accounts for commonly observed drift
in QCM systems.35 The similar relaxation behavior for films in
dry air and N2 indicates that oxygen alone does not significantly
contribute to the acceleration of the relaxation mechanism
(Figure 1A, Tables S1 and S5). Rapid relaxation toward near-
complete elimination of tension is observed only in the presence
of moisture. Moisture sorption likely occurs at perovskite free
surfaces (e.g., grain boundaries, top interface, voids), and the
mass density increase is substantially higher than that required
for an adsorbed monolayer on a top interface (∼10 ng/cm2)
(Note S3).36,37 We emphasize that this quantity of moisture
uptake is sufficient to cover all external perovskite grain surfaces
with an even distribution. The combination of measurements
performed in nitrogen, dry air, and ambient conditions shows
that water uptake substantially increases the rate and extent of
stress relaxation.
Qualitatively, the rate of mass density change closely mirrors

the rate of strain and stress relaxation for FAPbBr3 in an ambient
environment (Figures S8−S10); within uncertainty the
similarity is reflected in the strain decay rate and the inverse
decay rate (parameter b for the fit to Δm = A(1 − et/b)) for mass
density (Figure S8, Tables S4, S6, S7, and S11). Several factors
complicate the analysis to extract a kinetic model that relates
mass uptake to strain relaxation. For one, moisture at free
interfaces (i.e., the top perovskite surface) would not contribute
to swelling related phenomena and stress relaxation but would
still contribute to an observed mass density increase in QCM.
Therefore, it is not possible to decouple mass uptake
contributions from top surface and intragranular moisture
adsorption. In addition, the density of termination sites for
adsorption depends on the surface roughness at the atomic scale

(e.g., step-edges). Despite these complications, the qualitative
similarity between mass uptake and strain as well as the drastic
difference in relaxation and mass uptake between moisture-free
(N2 and dry air) and ambient conditions provide evidence that
strain and moisture uptake are coupled. As shown in Figure S11,
after reannealing FAPbBr3 mass uptake is detected with QCM
for all cycles studied. Although the possibility of some moisture
remaining upon reannealing cannot be ruled out (Figure S12),
the return of tension after reannealing provides a driving force
for additional uptake processes to occur.
The proposed stress and strain relaxation process for ambient

environments is schematically shown in Figure 1D and is
conceptualized in three steps. First, volumetric moisture uptake
would cause an unconstrained perovskite film to expand;
however, due to the mechanical attachment, a compressive
stress contribution develops that counteracts existing tension
from the CTE mismatch with the substrate (eq 1). As tension
approaches the steady-state stress, the driving force for
additional moisture uptake is diminished. Finally, reannealing
the perovskite film removes adsorbed moisture and the tension
from the CTE mismatch with the substrate returns.
Although FAPbBr3 is scarcely used as a photovoltaic absorber

material due to its large bandgap (∼2.3 eV),38,39 this
composition was selected to study the details of the relaxation
phenomena in perovskites for several reasons. First, several
studies have shown that, unlike its iodide-based alternative,
FAPbBr3 directly forms the cubic perovskite phase without
transient or permanent inclusion of intermediate complexes or
secondary phases.23,40 Second, light-induced halide segregation
is avoided, as FAPbBr3 is a single halide composition.41,42 Lastly,
compared with MA-based perovskite compositions, FAPbBr3 is
relatively stable in air and under illumination.43 Due to these
characteristics, we are confident that the observed relaxation is
not influenced by structural phase transitions or atomic
rearrangement processes. Importantly, the relaxation observed
here is unique to that reported recently by Ahmad et al. in which
stress irreversibly relaxed due to the decomposition of MAPbI3
to nonperovskite phases (i.e., PbI2).

44 No signs of structural
degradation or phase transformations were detected with XRD
during air exposure for 4 h (Figure S13). To probe the
universality of stress and strain relaxation for perovskites in
ambient conditions and its mechanism, we explored additional
perovskite compositions including MAPbBr3 and MAPbI3
(Figure S14, Figure 2). As shown in Figures S14 and S15,
within 60 min of exposure to an ambient environment, tension
in MAPbBr3 exponentially decayed from ∼85 to ∼27MPa while
mass density increased by ∼90 ng/cm2.
The proposed model for stress relaxation in this work

hypothesizes that tension above the steady-state stress provides
the driving force for moisture uptake. Therefore, it should follow
that perovskite films with minimal initial tension could limit
moisture uptake and enhance the ambient stability. This is a new
framework through which to interpret previously reported
relationships between tension and accelerated degradation of
perovskites, especially with moisture present.13,14 In other
studies, Zhao et al. linked tension to accelerated ion migration
and an increased rate of degradation for perovskite films under
illumination in an inert environment.14 In this case an ∼40 nm
polystyrene capping layer was selected as a moisture and oxygen
barrier; however, polystyrene might not have been effective at
preventing moisture ingress, as it typically exhibits an elevated
water vapor transmission rate (>1220 g-mm/(m2 day))
compared to alternative polymeric moisture barriers (e.g.,
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PMMA ∼55 g-mm/(m2 day)).45 So, there remains an
opportunity for future work to uncouple the influences of
tension driven moisture uptake and increased ion mobility.
To test the hypothesis that moisture uptake is promoted by a

tensile stress relaxation mechanism, we first sought to identify
the evolution of stress for a perovskite with minimal initial stress.
A lower formation temperature should result in a lower
attachment temperature and decreased initial tension (eq 1).
The antisolvent drip, the classical application of an antisolvent,
initiates film nucleation with minimal removal of solution
solvent due to the small volume of antisolvent (<200 μL) that is
in contact with the film for only seconds. As a result, perovskite
films fabricated with the antisolvent drip approach often have
elevated tension levels of tension (Figure 2). In contrast, an
antisolvent bath removes significantly more solution solvent and
can form perovskite films near room temperature.13 Even after
an anneal, the antisolvent bath converted MAPbI3 film has
reduced initial stress (<10 MPa) at room temperature due to

minimal CTE mismatch driven stress (eq 1) (Figure 2).13 In
ambient conditions, the tension in bath converted MAPbI3 does
decrease, but only by ∼5 MPa. Further, there is minimal
evidence to suggest relaxation drives perovskite stress into
compression. Therefore, we hypothesize that minimizing initial
stress should limit stress relaxation mechanisms related to
moisture uptake.
We aimed to test this hypothesis to improve the ambient

stability of a moisture sensitive perovskite composition by
manipulating tension, specifically looking at a case study of
CsPbI2Br. Cs-based inorganic perovskites require high anneal-
ing temperatures and are plagued by poor ambient stability due
to interactions with moisture. For example, the perovskite phase
of CsPbI3 is thermodynamically unstable at room temperature
and requires high temperatures (>320 °C) to form the desirable,
photoactive cubic perovskite (α) phase.46−48 As a CsPbI3 thin
film cools, it undergoes a phase transition to the thermodynami-
cally favorable nonperovskite orthorhombic (δ) phase near
room temperature.46,49,50 If the perovskite phase of CsPbI3 is
stabilized at room temperature, the transition to the δ-phase can
be catalyzed by moisture in ambient conditions.51−53

The addition of Br, such as CsPbI2Br, lowers the necessary
temperature to form the α-phase and improves the phase
stability at room temperature.47 However, the ambient stability
of CsPbI3−xBrx, where x < 1.2, is poor because the perovskite
structure readily converts to the δ-phase in the presence of
moisture.54,55 The time scale of degradation to the δ-phase in
ambient conditions ranges from minutes to hundreds of hours
due to the extreme dependence on humidity levels.48,56,57

CsPbI2Br thin films still have higher annealing temperatures
(generally >200 °C) compared to mixed organic/inorganic thin
films (<150 °C).58−61 As such, the expected Tref (eq 1) of
CsPbI2Br should result in elevated tension as compared with
that for the mixed organic/inorganic films. In fact, stress for
solution processed CsPbI2Br has been reported to be as high as
150 MPa.62,63

High annealing temperatures are necessary to form the
perovskite phase in CsPbI2Br fabrication; however, they result in
high tensile stress and a high driving force for moisture uptake
under ambient conditions. We hypothesize that the rapid uptake

Figure 2. Stress versus time in ambient conditions (dark, 25 °C,
∼30% relative humidity) for MAPbI3 on silicon substrates formed
with an antisolvent drip (4:1 DMF:DMSO, CB) and with an
antisolvent bath (NMP, DEE). Stress was measured with a
multibeam optical sensor (MOS) laser substrate curvature system.

Figure 3. CsPbI2Br fabrication schematic of the (A) control method and (B) DEE bath method. (C) Summary of initial strain (XRD:sin2ψ) in
thin films made from both fabrication methods. Utilizing a DEE bath significantly lowers the residual tension.
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of moisture to relieve high tensile stress in inorganic perovskite
thin films likely contributes to its poor ambient stability.
Furthermore, lowering the residual tension will improve the

ambient stability. Using our fabrication protocol outlined in the
Supporting Information, CsPbI2Br with annealing temperatures
of 55 °C for 60 s followed by 240 °C for 60 s results in an average

Figure 4. (A) 1 sun photoluminescence comparison of films fabricated via the control and DEE bath methods. GIWAXS patterns of films
fabricated with (B) the control method and (C) the DEE bath method.

Figure 5. Degradation comparison between control CsPbI2Br films and DEE bath CsPbI2Br films using (A) visual signs of δ-phase, (B) XRD of
control films, and (C) XRD of DEE bath films. (D) Absorbance spectra comparison of control (black) and bath (red) films. (E) Absorbance
versus time comparison at a wavelength of 600 nm.
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tensile stress value of >80 MPa (>0.5% strain) compared to
mixed Cs/FA compositions which typically have <50 MPa
(<0.3% strain) due to their lower annealing temperatures
(Figure S16). In our fabrication of CsPbI2Br, the perovskite salts
are dissolved in a mixture of 1:9 (v/v) dimethylformamide
(DMF):dimethyl sulfoxide (DMSO). Since DMSO has a higher
boiling point compared to DMF (189 °C vs 153 °C), the
precursor solvent mixture is less volatile than mixtures with high
DMF content. The volatility of the precursor solvent mixture is a
determining factor of the perovskite attachment temperature
and therefore the residual tension.24 A low-temperature and
high-temperature annealing protocol is used to optimize the
nucleation of the perovskite structure, growth of perovskite
grains, and solvent evaporation to create a uniform film.58

As mentioned earlier, an antisolvent bath is an effective
strategy to reduce tension in perovskite thin films.13 The control
and antisolvent bath fabrication methods for CsPbI2Br are
shown in schematic form in Figure 3A,B. In the control method,
a brown absorbing phase is not observed until the low-
temperature anneal at 55 °C; this phase is likely a dimethyl
sulfoxide (DMSO) solvated perovskite structure.48 However,
the introduction of a diethyl ether (DEE) antisolvent bath
formed a brown absorbing phase before annealing and initiated
attachment at a lower temperature, resulting in lower tensile
strain. XRD measurements shown in Figures S17 and S18
confirm a perovskite−solvent phase is formed after the DEE
bath, indicating Tref (eq 1) is likely lower for the DEE bath films
as a perovskite phase is formed prior to annealing. Initial strain,
measured with the XRD:sin2ψmethod, was reduced from 0.43±
0.04% to 0.12 ± 0.05% by using a DEE bath, as shown in Figure
3C. This reduction of strain corresponds to an approximate
reduction in tensile stress from 61 ± 6 MPa for the control films
to 17 ± 7 MPa in the DEE films (eq 1). For bath converted
CsPbI2Br, minimal relaxation (<10MPa) is observed after 4 h in
an ambient environment (Figure S19).
Figure 4 compares the film optoelectronic and structural

quality resulting from the control fabrication to that from the
DEE bath fabrication. The resulting bandgaps as measured by
photoluminescence are similar for the control method and DEE
method, 1.88 and 1.89 eV, respectively, as shown in Figure 4A.
Grazing incidence wide angle X-ray scattering (GIWAXS)
measurements were conducted to compare the crystallographic
structure of CsPbI2Br fabricated using the control method
(Figure 4B) and that using the DEE bath method (Figure 4C).
Previously, structural degradation into a nonperovskite phase
has been linked to specific perovskite crystallographic facets.64

The integrated GIWAXS and crystallographic orientation
analysis comparison in Figure S20 indicate that the fabrication
method does not significantly change the perovskite structure of
CsPbI2Br, meaning structural differences are not likely to play a
major role in variable degradation rates between the two
fabrication methods.
To test the ambient stability, three films made with each

method were monitored in a laboratory at 21−26.5 °Cwith 15−
29% relative humidity. All films were exposed to the same
variable conditions and were measured in parallel. Temperature
and relative humidity measurements during the measurement
period are reported in Figures S21 and S22. Visual degradation
of the control films is evident after only ∼24 h of ambient
exposure, as shown in Figure 5A. However, the low stress DEE
bath films show little visible δ-phase formation after 3 weeks of
ambient exposure. Additional photographs are shown in Figure
S23. XRDwas used to monitor the degradation of the perovskite

since the δ-phase has a distinct diffraction peak at 9.9° 2θ (Cu
Kα).48 XRD patterns as a function of time for the control and
DEE bath films are shown in Figure 5B,C, respectively. The
degradation of the control film is evident after 24 h of exposure,
as the δ-phase peak is present and the perovskite diffraction
peaks are asymmetric. However, the DEE bath films do not show
any signs of δ-phase growth after 3 weeks of ambient exposure.
The DEE bath perovskite diffraction peaks are no longer
symmetric after long exposure times, but the perovskite phase
has yet to transition to the δ-phase. Additional XRD spectra of
multiple samples are shown in Figures S24 and S25. To
corroborate the stability results, CsPbI2Br samples fabricated via
both methods were monitored in ambient conditions using in
situ GIWAXS. While overall degradation occurred at an
increased rate due to elevated humidity, the DEE bath films
remained in the perovskite phase significantly longer than the
control films, as shown in Figure S26.
Absorbance spectroscopy was also used to monitor

degradation of the perovskite phase. Figure 5D compares the
absorbance spectra before and after 1 day of ambient exposure
for the control films and DEE bath films. After ambient
exposure, the absorbance of the control film decreased and the δ-
phase absorption edge is observed at ∼440 nm. However, the
DEE bath film shows consistent absorbance across the tested
wavelength range, and no δ-phase absorption edge is detected.
The absorbance at 600 nm is tracked as a function of time for
control films and DEE bath films as shown in Figure 5E. In the
first 24 h of ambient exposure, the control films lose >20% of the
initial absorbance as the perovskite structure degrades to the δ-
phase. However, the constant absorbance as a function of time
for the DEE bath films indicate little degradation occurred.
Additional absorbance spectra for multiple samples are shown in
Figures S27−S30. The combination of XRD and absorbance
measurements confirms visual observation that lowering the
tensile stress, with a DEE antisolvent bath, improves ambient
stability.
Previous work has shown that morphological changes in

perovskite thin films will change water-based degradation.65−67

We acknowledge that the film formation kinetics and resulting
morphology will be altered with the use of an antisolvent bath.
To keep the film formation kinetics reasonably similar to the
control, the initial tension in the perovskite filmwasmanipulated
by using a substrate with a different CTE while using a film
formation method identical to that used with glass (Figure 3A).
Figure S31 shows scanning electron microscope (SEM) images
of films fabricated on glass compared with Kapton showing
similar surface features. Kapton has a more closely matched
CTE to the perovskite when compared to glass, 40 × 10−6 and 9
× 10−6 K−1, respectively,68,69 which results in a tensile strain
reduction from 0.43 ± 0.04% to 0.27 ± 0.08%, shown in Table
S14. The ambient stability of CsPbI2Br films was improved by
over 2.5× compared to films fabricated on glass, as shown in
Figures S32 and S33. This further substantiates the hypothesis
that reducing the tensile stress reduces water uptake and
improves stability.
Through an in situ investigation of stress and strain in several

perovskite thin film compositions, we have unveiled a new
perovskite phenomenon: stress relaxation in ambient environ-
ments. QCM measurements indicate that mass uptake occurs
over the same time scale as the stress relaxation process. We
hypothesized that, like glass materials, tension provides a driving
force for moisture uptake and suggest that this mechanism
provides a new framework to understand how stress influences
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phase stability and perovskite decomposition. Specifically, we
speculated that the initial tension in a perovskite film dictates its
rate of moisture uptake and therefore its ambient stability. The
effectiveness of this new method to improve ambient stability is
assessed by lowering the tension in CsPbI2Br, a notoriously
moisture sensitive composition. Two different methods were
utilized to lower the residual tension: (1) a DEE antisolvent bath
which lowers the attachment temperature and (2) fabricating
films on Kapton to lower the CTE mismatch. Our analysis
suggests that reducing initial tension to decrease the driving
force for moisture uptake is a promising strategy to enhance the
ambient stability of perovskite photovoltaics: bath converted
CsPbI2Br and CsPbI2Br fabricated on Kapton exhibit 15-fold
and 2.5-fold improvements, respectively, in phase stability
compared to high stress control films. The results of this study
also emphasize that care should be taken to avoid or account for
air exposure when measuring the stress or strain in perovskite
films, since nearly complete stress relaxation can occur within
hours.
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