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Abstract. While perovskite-based solar cells exhibit excellent efficiencies and require a relatively simple
synthesis process, stability issues during operation severely limit their commercial development. Therefore,
degradation studies have drawn much attention, but the plethoric literature highlights the complexity
of the topic. Thus far, most studies perform pre- and post-mortem analysis and compare the system’s
performance before and after aging, severely limiting the understanding of degradation pathways. By
contrast, in-situ characterization allows the degradation to be tracked in real time and the pathways to
be fully explored. To this end, a coupled IV-photoluminescence (PL) characterization bench has been set
up inside a climate chamber, allowing for the periodic acquisition of PL spectra and IV curves during
accelerated aging. In this study, the ISOS protocol damp heat test (65°C, 85% RH) was applied to several
perovskite solar cells with various transport layer combinations. By following the evolution kinetics of PL
spectra and IV curves, insights into the nature of the degradation mechanisms are obtained. Notably, it
becomes possible to distinguish performance losses due to degradation of the perovskite absorber from
those where extracting layers are the cause.

Key words. Accelerated aging, reliability, perovskite, solar cells, photovoltaics, in-situ

1 Introduction

In the past decade, perovskite solar cells have been shown
to rival the efficiency of standard silicon cells, with power
conversion efficiencies as high as 26.7% [1]. However, the
main barrier to upscaling and deployment of these cells
remains their stability. While a commercial silicon mod-
ule can operate for 30 years with limited performance loss,
perovskite cells are subject to a variety of degradation pro-
cesses [2–5]. Furthermore, the driving mechanisms degrad-
ing a solar cell depend not only on the specific composition
of the perovskite itself but also on the device architecture,
the encapsulation, and the combination of environmen-
tal factors (notably light, heat, bias, and moisture) [3,4,
6,7]. The community is making efforts to assess the sta-
bility of perovskite solar cells under accelerated aging [8,
9]. While ion migration and trapped charges were iden-
tified as responsible for perovskite degradation [10], the
hole transporting layer, interface passivation, and buffer
layers are also known to be prone to degradation [11–13].

Characterizing and investigating the aging of a per-
ovskite solar cell is therefore a complex yet critical task
that requires careful observation.

Among the broad variety of characterization techniques,
two appear particularly well suited for a complementary
analysis of the opto-electronic degradation of perovskite
solar cells. Current-voltage (IV) measurements under il-
lumination allow a direct estimation of the device’s ulti-
mate objective, i.e. power conversion efficiency (PCE), to-
gether with key performance indicators such as the open-
circuit voltage (VOC), short-circuit current density (JSC),
and fill factor (FF). Comparing IV characteristics both
in the dark and under illumination can also shed light
on the device’s collection efficiency. However, IV indica-
tors are aggregated quantities, and their evolution can be
indiscriminately attributed to several internal processes.
To lift this ambiguity, it can be useful to complement IV
measurements with photoluminescence (PL) spectroscopy,
which unveils the optical properties of the materials. and
will notably allow both variations in the sample structure
and the formation of trap states to be estimated. Per-
ovskite samples are particularly well suited for PL analysis
owing to their excellent radiative properties.

These two techniques are routinely used to character-
ize perovskite samples. However, from the perspective of
aging tests, it may not be sufficient to perform these anal-
yses at the beginning and at the end of the test. Tracking
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the evolution of the opto-electronic performances in-situ is
crucial to estimate the degradation dynamics, and in turn
the mechanisms at stake [14,15]. Such an in-situ analysis
is even more critical for accelerated aging tests, where the
dynamics of degradation can serve as a signature to relate
the artificial conditions to real-world situations [16].

Both IV [6,17] and PL [3,4,18–20] have already been
successfully used for in-situ aging tests, but only indepen-
dently. In this work, the development of an experimental
set-up allowing simultaneous IV and PL measurements in-
side a climate chamber operating the accelerated aging of
perovskite solar cells is reported. We show that the com-
bination of the two techniques helps to distinguish if the
major degradation mechanism comes from the deteriora-
tion of the active layer or extraction/collection properties.
Then, by combining experimental results with numerical
methods, we explore ways to gain more insight into the
origins of the degradation. Namely, shunt pathways can
be identified and qualified by fitting the IV curves, while
degradation modeling effectively helps to rule out some of
the possible degradation mechanisms.

2 Methods

2.1 Sample fabrication

Solar cells fabrication Two different samples have been
investigated in this work (see table 1).

Both samples have a similar n-i-p structure. The bot-
tom electrode is patterned by laser scribing (InnoLas)
on FTO-coated 3mm glass substrates (TEC10, Solems).
The surface is cleaned by a tree-step sonification process
by successive bath of RBS concentrate at 2% in water
(Sigma Aldrish), Aceton and Isopropanol (Mon Droguiste,
>99.5%).

Compact titanium dioxide (TiO2) layer (15 nm) is
grown by atomic layer deposition (ALD) as described in
[21] and a mesoporous TiO2 is added (100 nm) by spin-
coating (1:7 weight ratio of TiO2 paste solution in Ethanol
anhydrous denaturated, Sigma Aldrish, 90%, speed : 4000
rpm, duration : 30s). The substrate was immediately an-
nealed on a hot plate for 45 min with several temperature
steps, up to 500°C. After cool-down the TiO2-coated sub-
strates are treated with UV-Ozone for 30 min before being
introduced under inert nitrogen atmosphere in a glovebox
for perovskite and HTL deposition. An alternative ETL
is made of 10 nm tin oxide (SnO2) grown by ALD [22],
then completed by 50 nm of SnO2 deposited by Chemi-
cal Bath Deposition (CBD) at 90°C [23] and treated with
0,15mM potassium chloride (KCl, Sigma Aldrish ¿ 99%).
The absorber is a triple cation perovskite (400 nm) pre-
pared by mixing PbI2 and PbBr2 (ultra dry 99.999%, Alfa
Aesar), FAI and MABr (>99.99%, Greatcell Solar Ma-
terials), and CsI(99.999%, Sigma-Aldrich) in DMF (an-
hydrous 99.8 %, Sigma-Aldrich):DMSO (>99.7%, Sigma-
Aldrich) (4:1; v:v) and deposited by spin-coating (speed:
2000 rpm, duration: 12s, a second consecutive step of 30
s at 6000 rpm was used to deposit 100 µL of chloroben-
zene 12s before the end of the rotation). The obtained

Cs0,05(MA0,167FA0,833)0,95Pb(I0, 842Br0,158)3 perovskite-
coated substrate was immediately annealed at 100°C for
30 min. The hole transport layer (HTL) is composed of
a 20 nm thick spin-coated polytriarylamine solution com-
posed of 10 mg of PTAA (Solaris Chemical), 3.75 µl of tBP
(Sigma-Aldrich, 98%), 2.4 µl of Li-TFSi (Sigma-Aldrich,
99.95%), per 1 ml of toluene (Sigma-Aldrich, 99.8%) 3000
rpm, 30s.

To complete the stack, a gold back contact (100 nm)
was thermally evaporated under high vacuum conditions
through a shadow mask to define the active area.

In sample 2, the perovskite contains a Lead(II) thio-
cyanate (sigma Aldrich, 99.5%) Pb(SCN)2 additive of 1%
in concentration.

Encapsulation process The devices are encapsulated in a
Glass/Glass configuration using Polyisobutylene (PIB) as
an edge sealant. The lamination process is performed at
120°C for 16 min.

2.2 Experimental measurements

We developed an experimental setup coupling photolumi-
nescence (PL) and current-voltage (IV) characterization
techniques (Figure 1) that we place inside of a climate
chamber (SunEvent, Weisstechnik).

The PL setup consists of a light source (660 nm laser
beam (gem, Laser Quantum)) and a spectrometer (AvaSpec
ULS TEC EVO, Avantes), both fibered to access the cham-
ber. Collimation optics are inserted inside the chamber
and experience the same conditions as the sample; we
check on a regular basis that the properties of the op-
tics remain unaffected. The illumination intensity is ap-
proximately 25 mW/cm2, thus respecting low injection
conditions.

The IV measurement is performed thanks to a preci-
sion source/measure unit (B2911A, Keysight) connected
to the busbars of the sample by electrical cables and alliga-
tor clips. The voltage scan can either be performed up to
a fixed voltage (1.2 V for sample 1) or stop once the open
circuit voltage is reached (sample 2). Both forward and
reverse scans have been performed, with a scanning rate
of 20 mV/s. The two samples showed limited hysteresis,
and we focused on the indicators obtained over forward
scans in the following.

The measurements are automated with LabVIEW soft-
ware and allow the cycle depicted in Figure 2 to be per-
formed repeatedly. The frequency of the acquisitions is set
by the user. In this case, each cycle lasts 20 minutes, with
5 minutes of acquisition time and 15 minutes of waiting
time before the next acquisition. During the acquisition
time, the following measurements are performed: PL, light
IV under laser illumination, and dark IV (laser off). The
laser source is switched off during the waiting time, e.g.
in between each acquisition, to reduce the disturbance of
the samples by the measurement system.

It is possible that the optical and electrical stimula-
tion affects the aging of the sample. In general, it would
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Table 1. Characteristics of the devices aged under constant conditions (85% R.H., 65°C, dark) in a climatic chamber
and periodically characterized through JV and PL measurements. Composition of the triple-cation perovskite (3C-PVK):
Cs0,05(MA0,167FA0,833)0,95Pb(I0, 842Br0,158)3.

Sample 1 2

ETL Glass / FTO / SnO2 Glass / FTO / TiO2

Absorber 3C - PVK 3C - PVK +1%Pb(SCN)2

HTL PTAA / Au PTAA / Au

Voltage scan 0 - 1.2V 0 - Voc

Fig. 1. Schematic view of the experimental setup

be important to compare the monitored sample at the end
of the aging process with an unmonitored sample to check
whether their final states are identical. The results pre-
sented in this work aim at providing a proof of concept
of the analysis technique, not at investigating a specific
degradation mechanism, and this verification will thus be
omitted.

2.3 Accelerated aging

The aging imposed on the samples is close to the ISOS-D-
3 protocol from the consensus statement for stability as-
sessment and reporting for perovskite photovoltaics [7]. It
consists in placing the sample in an environmental cham-
ber with 85 %RH and 65 °C (or 85 °C). In between the
measurements, the samples are left in the dark. The light
source for the device performance characterization should
be a solar simulator; however, in this study, we chose to
operate with the laser as the light source for in-situ IV, so
they are directly comparable to the PL measurements.

2.4 Models

Generalized Planck’s law The PL measurements performed
in this work have been analyzed by referring to the gen-
eralized Planck law, as it relates the spectral distribution
of the signal with the absorptivity of the sample, A(hν),
and the quasi-Fermi levels splitting (qFls), ∆µ:

IPL(hν) = A(hν)
(hν)2

4π2ℏ3c2
1

exp
(

hν−∆µ
kBT

)
− 1

(1)

where ℏ is the reduced Planck constant and c the speed
of light [24,25].

As reported below, the absorptivity A(hν) of all stud-
ied samples remains almost unchanged after the first few
hours of aging. This allows us to estimate the time evo-
lution of the quasi-Fermi level splitting (∆µ) within the
absorber as:

∆µ(t1)−∆µ(t0) ≃ kBT ln

∫
d(hν) It1(hν)∫
d(hν) It0(hν)

(2)

Drift diffusion simulations In order to analyze the aging
measurements exposed above, a specific modeling scheme
has been developed. It is based on coupled optical (transfer
matrices with in-house code) and electrical (drift-diffusion
with SCAPS-1D [26]) modeling. The approach is explained
in detail in [16], and the specifics of simulating a photolu-
minescence spectrum are available in the supplementary
material. It allows the initial performances of the devices
to be reproduced and, more specifically, their response to
several degradation mechanisms to be simulated. For in-
stance, the response to a formation of defects in the per-
ovskite layer, a reduction of electron mobility in the ETL,
and the formation of defects at the perovskite-HTL inter-
face will be investigated.

The distinction of degradation mechanisms is obtained
by comparing experimental and simulated results. Instead
of focusing on the evolution of the solar cell’s opto-electronic
parameters (such as VOC and JSC) throughout the ag-
ing process, it is useful to consider their correlations. The
evolution of such correlations describes pathways in the
VOC-JSC plane, for instance. They are independent from
time and any speed of reaction, and therefore from any
activation process through environmental conditions such
as temperature or irradiance. The degradation pathways
are intrinsic characteristics of the processes responsible
for the observed degradation, allowing simulations to be
compared to experiments.

Current-voltage model To investigate the origin of the
degradation occurring, we fitted dark JVs curves using
the 2/3-diode fit software developed by Suckow [27]. Our
method for establishing the model was to define its charac-
teristics in such a way as to make it as simple as possible,
i.e. with as few floating parameters as possible, and us-
able for all the IV curves throughout the aging process.
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Fig. 2. Measurement cycle diagram

Fig. 3. Equivalent electrical model used for fitting the dark
JV data. It includes a third diode in parallel with the others
and associated with a resistance in series, Rrec. This resistance
limits the current flowing through the 3rd diode.

We started from a one-diode model with all parameters
floating, and step by step, we had to introduce a second
and afterwards a third diode in series with a resistance
Rrec [28,29]. The latter has been introduced in the liter-
ature to account for surface damage. A large initial value
of Rrec prevents the current from flowing in this branch,
and the third diode has no influence on the IV curve, but
as the system degrades, Rrec decreases and the influence
of the third diode increases.

It turned out that the three ideality factors did not
vary significantly with time, and we chose to fix them
at the nearest integer value, leaving only the resistors
and dark currents adjustable. Consequently, the electrical
model defines the recombination pathways involved, and
their respective evolution during aging is described by the
floating parameters. The electrical model is presented in
Fig. 3 for sample 1.

3 Results

IV curves and PL spectra were collected during the ac-
celerated aging according to the cycle diagram depicted
in Figure 2. Figure 4 shows their evolution for the two
investigated samples. We emphasize that the illumination
for IV measurements is performed by a monochromatic

laser source, which does not follow a standard AM1.5 spec-
trum. Therefore, the results reported here should not be
compared to values obtained in a solar simulator but can
be used to estimate the relative evolution of the devices’
performances.

The figures of merit, such as VOC, JSC, FF, and total
PL emission, are shown throughout the full aging exper-
iment in SI, Figures S1 and S2. Both optical and elec-
trical indicators show an initial transient behavior, with
a slight improvement of the performances. This behavior
takes place over the first 10 to 50 hours and is followed
by a steady degradation of the photovoltaic performance
over the remaining duration of the experiment. In this
study, we focus on the long-term steady evolution associ-
ated with a decrease in performances. In Figures S1 and
S2, the corresponding data is depicted with red crosses.

Time sequences of Figure 4 correspond to this specific
regime. We see that the degradation is particularly se-
vere for sample 1, with a very strong loss of VOC. Taken
alone, this effect could be interpreted as the degradation
of the absorber material. However, the spectral shape of
the luminescence emission remains remarkably unchanged
throughout the aging test. In particular, we notice no evo-
lution of the optical bandgap and no broadening of the low
energy tail. This rules out a significant chemical alteration
of the absorber and justifies our application of eq. 2 to es-
timate the time evolution of the internal voltage.

The complementarity of PL and IV measurements is
especially striking when comparing the evolution of the
internal voltage, estimated as the qFls, and the open cir-
cuit voltage VOC (Fig. 5). Focusing on the investigated
sequences, the VOC drop could be attributed to a degra-
dation of the perovskite material itself, which seems not to
be the case as the internal voltage remains stable for both
samples. Therefore, the voltage loss is probably caused
by degradation of extraction/transport layers and/or con-
tacts. This decoupling of the internal and external voltage
is particularly dramatic for sample 1.
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Fig. 4. Evolution of JV curves and PL spectra during investigated aging sequences for the three samples aged at 65°C and 85
% RH.

Fig. 5. Loss of Voc and quasi-Fermi levels splitting over time, during investigated time sequences.

Complementary experiments performed on an inverted
p-i-n structure with inorganic CTL (NiOx and SnO2, re-
spectively) and a silver top electrode don’t show the degra-
dation reported before (see supplementary material, Fig.
S3). Consequently, we believe that the observed Voc re-
duction is the result of organic PTAA degradation and/or
gold migration from the contact, and we will discuss these
possibilities.

4 Discussion

4.1 Analysis of the IV curves

Here we first discuss the results of fitting the dark IV
curves recorded for sample 1 using the 3-diode model pre-
sented previously. The ideality factor for the first diode

is set to n1 = 2, which notably corresponds to defect-
induced recombination in intrinsic regions. The ideality
factor of the second diode is set to n2 = 3, a phenomeno-
logical value that has been associated with several surface-
induced recombinations [30–32]. The third diode has an
ideality factor of n3 = 1, which usually corresponds to bi-
molecular recombination and was also found in literature
for HTL-free perovskite solar cells[33].

In Fig. 6 (a) and (b), we depict the time evolution of
the electrical parameters estimated from the fits, namely
the shunt (Rsh) and series (Rs) resistances, as well as
the three dark recombination currents associated with the
diodes (J01, J02, J03), the third of which also has its own
series resistance (Rrec). The dramatic decrease of the open
circuit voltage between 100 and 200 h observed in Fig.
5 is shown to be accompanied by a decrease by a fac-
tor 20 of the shunt resistance. Formation of shunts could
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Fig. 6. Time evolution of (a): fitted resistances Rsh, Rs and Rrec, (b): Dark recombination current J01, J02 and J03 associated
to diodes 1 to 3, (c) currents at V=Voc (right scale in red) flowing through the shunt and the three diodes (left scale). All
outliers were removed.

then be suspected to be the main source of degradation.
At the same time, the third diode becomes predominant
among recombination currents, and we see that the resis-
tance Rrec is reduced by almost two orders of magnitude,
allowing the current to flow in this branch of the circuit.
This demonstrates a change in the current pathway.

After 200h of aging, Rsh and Rrec stabilize to values as
low as 50 and 20 Ω.cm2 respectively, and the dark current
density of diode 3 stays dominant.

Due to the difference of ideality factors and the pres-
ence of a series resistance, the relative contribution of each
recombination pathway cannot be straightforwardly esti-
mated from the dark currents J0,i. Instead, we computed
all recombination currents at VOC (obtained from JV mea-
surements under illumination) and plotted them in Fig. 6
(c). VOC is also depicted with red squares and relates to
the right vertical axis.

First, it can be noted that at the beginning of the ag-
ing, SRH recombination was probably prevailing, as diode
1 (n1=2) is associated with the largest current. This domi-
nance of SRH recombination over radiative recombination,
even for fresh perovskite solar cells, has already been re-
ported in literature [33].

Second, the roles of the third diode and shunt resis-
tance regarding degradation now appear more clearly, as
they become the two major loss channels after 150 h. Both
reach values above 5 mA.cm−2 very rapidly before de-
creasing. In the long term, losses through the shunt resis-
tance appear to remain dominant as the curve stabilizes
at a value of 4 mA.cm−2, whereas the current of the third
diode continues to decrease.

Hereafter, we propose an explanation for the observed
evolution of the third diode (see Supplementary Informa-
tion for further details). The evolution over time of the
third diode JV, as depicted in Fig. S10, appears to be
composed, after a short transition, of a decrease in energy
position associated with a rise in intensity.

To challenge this idea, we simulated a simplified SCAPS
model [26] to compute the JV characteristics of a pris-
tine cell (Contact, PTAA, Pvk, ETL, Contact) without
series nor shunt resistance. The perovskite absorber here
is treated as a material with a bandgap Eg=1.6 eV and a
deep middle-gap defect with density Nt=1016cm−3. Then
we simulated the same stack without the PTAA layer to

account for its degradation (for example, evaporation of
volatile species) and with varying defect properties. We
investigated the type of the defect (donor, neutral, accep-
tor), the defect energy position (donor, Nt=1016cm−3),
and density (donor, Ec-0.8 eV). These are reported in Fig-
ure S10 (a), (b), and (c). We also explore the transition
from the pristine cell to a cell without PTAA in Fig. S11
(d) by changing the proportion of the surface of PTAA
evaporated or degraded.

This study shows that the qualitative shape of the ob-
served JV curve (Fig. S10) resembles that obtained with a
donor impurity (Fig. S11 (a)). We also observe that chang-
ing the energetic position or concentration of the defects
leads to an homotetic transform (intensity rise and/or en-
ergy shift) of the curve (Fig. S11 (b) and (c)). To fur-
ther corroborate this observation, we compute the second
derivatives of the JV curves (Fig. S11) and show that they
are simply translated along the voltage axis.

We are then able to assess that by combining the defect
type (donor), its energy position, density, and damaged
surface ratio, the time evolution of the third diode JV
can be reproduced quite well by our modeling. Noticeably,
the ideality factors of the JVs of Fig. S11 (b) and (c)
are almost equal to n = 1, as we obtained by fitting the
experimental JVs.

This joint analysis of IV measurements under dark
and illumination provides a clearer picture of the losses
at VOC. It relates degradation of the solar cell to a for-
mation of shunts, possibly induced by the removal of the
PTAA layer, which translates as a decrease of the shunt
resistance and an increased contribution of diode 3 [30,
31]. This possible explanation will be further supported
by the joint IV and PL analysis in the following section.

4.2 Joint PL-IV analysis: degradation pathways

Following the method introduced by Julien et al. [16], we
will now consider the degradation pathways obtained from
the experimental results. It consists of representing the
evolution of the correlations between opto-electronic pa-
rameters, so their positions are time-independent.
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In order to investigate and pin down the origin of the
degradation, we model the evolution of sample 1 according
to the method described in detail in [16].

Using simulation, we first determine 114 sets of input
parameters that closely replicate the initial IV and PL per-
formances (see supplementary material, Fig. S4). Then,
we degrade some of these parameters, corresponding to
12 possible degradation mechanisms listed in the legend of
Fig. 7. They are probable causes of the degradation, given
the vast literature reporting numerous instability issues of
perovskite solar cells [5]. Each of these mechanisms leads
to a specific pathway in the parameter spaces displayed in
this figure. Finally, we compare these simulated pathways
to the experimental results (black dots).

If a degradation pathway induces a close pathway to
the experiment on all planes, it is considered compatible
and can be a cause of degradation. This is the case for the
decrease of shunt resistance (green triangles): the first ex-
perimental points follow the same joint decrease of Jsc and
Voc and a strong loss of FF. Also, on the plane showing
qFls versus Voc, the major Voc variation is reproduced.

It is worth noting that another simulated mechanism
induces a pathway close to the experimental behavior: the
formation of defects at the pvk/ETL interface (red trian-
gles). The range of variation for Voc would be underesti-
mated, but pathways remain generally compatible.

On the contrary, all other mechanisms are excluded
because of distinct pathways on at least one plane. This is
the case, for instance, for the reduction of hole mobility in
the perovskite layer (yellow squares). The initial Jsc-Voc
trend and significant FF loss are well reproduced; however,
this mechanism should induce an increase in PL emission
and quasi-Fermi level splitting, while the contrary is ob-
served experimentally.

This example illustrates the advantage of combining
JV and PL measurements. If only JV parameters had been
available, the decrease in hole mobility would have been a
compatible candidate. However, the second measurement
provides useful complementary insights.

The degradation of the perovskite layer has also been
mentioned previously as a possible cause of a solar cell’s
VOC loss. Again, the coupled measurements bring insights
here: a formation of defects in the absorber (yellow cir-
cles) indeed induces similar pathways to experiment in the
planes related to IV parameters. However, it leads to too
strong a degradation of qFls, where the experiment shows
stability. This excludes the possibility for this mechanism
to explain the solar cell behavior.

The joint IV-PL analysis presented in this section cor-
roborates the previous results of fitting the dark IV mea-
surements, where it has been exposed that the degradation
of sample 1 may be attributed to the formation of shunts.
Similarly, simulations show that the degradation of this
sample could be linked to both the formation of shunts
and surface defects.

Sample 2 has also been investigated with the same
approach, with 116 sets of parameters employed to re-
produce initial performances (Fig. S4). Obtained degra-
dation pathways are reported in supplementary material

(Fig. S5). In this second case, we also found the decrease
of shunt resistance to be a compatible mechanism, but
reductions of doping in ETL or HTL could also explain
the degradation. Similar conclusions were also found for
a third sample, which has the same architecture as sam-
ple 2 but an additional 2D-PEAI passivation between the
perovskite layer and the HTL and no Pb(SCN)2 additive
in the perovskite [34]. The results for this sample are de-
picted in Figs. S6 to S8, where we see that the decrease
of shunt resistance follows the experimental results very
closely, while the reduction of doping in HTL or the for-
mation of defects in the perovskite layer could also be
compatible mechanisms.

These examples show how the coupling of IV and PL
measurements, combined with drift diffusion simulations,
provides insight into the degradation of perovskite solar
cells. The formation of shunts appears to be a plausible
mechanism for the samples investigated here, all fabri-
cated with similar architectures and aged under the same
damp-heat conditions.

5 Conclusion

We have developed a tool to carry out simultaneous in-
situ monitoring of the dark/illuminated current-voltage
characteristics and photoluminescence emission spectrum
of a solar cell subjected to accelerated aging in a climate
chamber. This tool was used to characterize the aging of
perovskite solar cells in damp heat conditions. Using this
method, a significant decoupling of the evolution of opti-
cal and electrical parameters was observed, demonstrat-
ing the complementarity of the two techniques and the
major interest of this work. Two approaches are employed
to investigate the underlying causes of degradation. First,
the dark IV curves are fitted using a three-diode model
(for the first time to our knowledge for perovskite analy-
sis), and then the illuminated IV curves and PL spectra
are studied via an original coupled optical and electri-
cal modeling. Both approaches provide coherent insight
into the source of the performance losses, pointing to the
formation of shunts and the probable degradation of the
top layer of the samples. Intended as a proof of principle,
this study can be applied for any kind of architecture and
also serve as a starting point for more in-depth in situ
characterization, notably by implementing time-resolved,
morphological, and chemical surface analysis techniques.
Finally, the increasing number of candidate materials used
in an increasing number of architectures, as well as the ex-
pansion of application areas (agriPV, floating PV, etc.),
each of which requires several specific aging tests, high-
light the power and usefulness of our experimental set-up
for detecting the origins of degradation.
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Fig. 7. Experimental and simulated degradation pathways for sample 1. A formation of shunts (green triangles) is compatible
with experimental results, as it follows closely the same pathway on all planes. A formation of defects at the ETL-perovskite
interface (red triangles) is also compatible with the beginning of the degradation
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