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ABSTRACT: In recent years, the discovery of the excellent
optical and electrical properties of perovskite solar cells
(PSCs) made them a main focus of research in photovoltaics,
with e� ciency records increasing astonishingly fast since their
inception. However, problems associated with the stability of
these devices are hindering their market application. UV
degradation is one of the most severe issues, chie� y caused by
TiO2’s photogenerated electrons that decompose the perov-
skite absorber material, coupled with the additional intrinsic
degradation of this material under UV exposure. The solution
presented here can minimize this e� ect while boosting the
cells’ generated photocurrent, by making use of combined
light-trapping and luminescent down-shifting e� ects capable of changing the harmful UV radiation to higher wavelengths that
do not a� ect the stability and can be e� ectively“trapped” in the cell. This work focuses in the optimization of the photocurrent
gains that can be attained by emulating the changed spectrum resulting from applying down-shifting media as encapsulant in
photonic-enhanced PSCs, as well as the reduction in the harmful e� ects of UV radiation on the devices. Such optimized
photonic solution allows current enhancement while reducing the harmful UV photocarrier generation both in the TiO2 (by 1
order of magnitude) and in the perovskite (by 80%) relative to a standard PSC without light management.
KEYWORDS:photonics, perovskite solar cells, luminescent down-shifting, UV stability, photocurrent enhancement

1. INTRODUCTION

The ever-growing cost-competitiveness of photovoltaic (PV)
technology is the main reason behind the recent growth in
total global PV installed capacity (increasing from under 50
GW to above 400 GW from 2010 to 2017).1� 3 Crystalline
silicon (c-Si) solar cells have been the uncontested market
leaders of this technology.2,4 However, the need to keep fueling
this growth has turned the researchers’ attention to other
materials and light management techniques, as the suboptimal
absorption of c-Si is an obstacle in a scenario of ever-
decreasing material thickness,5,6 which is a fundamental factor
for low cost and� exible photovoltaics.7,8 Therefore, novel
materials with excellent optical properties have been studied to
achieve lower thickness without imperiling the device’s
performance. The class of materials that, in recent years, has
stood out from the rest are hybrid organic� inorganic
perovskites (HOIPs), as they exhibit direct bandgap,9� 11

long carrier di� usion lengths,12,13 and high optical absorption
coe� cient.11,12,14 The evidenced properties paved the way for
the fast adoption of these materials, thus leading to a steep
increase in PV conversion e� ciency reaching values above 22%
in just a few years.9,13,15� 17 HOIPs are based on an ABX3
atomic structure, where A and B are cations of di� erent size
and X is an anion.9,18 The � rst is an organic or inorganic ion

(methy lammonium, CH3NH 3
+; e thy lammonium,

CH3CH2NH3
+; formamidinium, NH2CH� NH2

+, Cs and
Rb), the second a divalent metal cation (Ge2+, Sn2+ and
Pb2+). The last element on the structure, X, is a monovalent
halogen anion (F� , Cl� , Br� , I� ).9,12,18

Although perovskite solar cells (PSCs) display an impressive
performance, competing with the best silicon solar cells in
terms of e� ciency, they have several stability problems mainly
related with exposure to moisture, oxygen, and UV radiation,
that are responsible for blocking its market implementation.18

These degradation mechanisms are not yet fully understood,
however several studies have de� ned many possible mecha-
nisms.19� 21 Moisture and oxygen exposure can be mostly
prevented via proper encapsulation,21 leaving UV exposure as
the most important susceptibility to overcome. The UV
degradation of PSCs has been attributed to photocatalytic
e� ects caused by TiO2, the material commonly used as
electron transport layer (ETL). This e� ect was� rst reported
by Leijtens et al., where it was hypothesized that, upon electron
excitation in TiO2, deep trap states are created that capture
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photoelectrons generated in the absorber material, therefore
hindering the cell’s performance.22 Ito et al. also suggested that
the formation of I2, due to electron transfer to deep trap states
in the TiO2/perovskite interface, can then decompose the
perovskite crystal by evaporation of volatile compounds.20

Regarding perovskite degradation, excluding the TiO2’s e� ects,
Quistch et al. calculated the threshold energy between the
perovskite’s photobrightening and photodegradation, correlat-
ing it with the presence of residual PbI2. This study indicated
that I2 can be created by the photolysis of PbI2, leading to an
equivalent degradation process to the aforementioned one.23

Considering the above-mentioned problems, several techni-
ques have been used to mitigate these degradation
mechanisms, such as replacing TiO2 by other nonharmful
materials,22 depositing blocking layers between the TiO2/
perovskite interface to avoid electron exchange,20 as well as the
use of either a UV� lter or a down-shifting (DS) layer that
prevents UV radiation from reaching the cell.22,24� 26 This
latter case is the one that was unprecedentedly optimized in
this study.

Down-shifting is the process where high energy photons are
converted to lower energy photons.27,28 The main materials
used for this process are quantum dots (QDs),29� 32 dyes,33� 35

and rare-earth elements.36� 38 These materials have recently
been applied to perovskite,25,26 organic,39 and dye sensitized
solar cells40 to improve their lifetime without compromising
their overall performance. When compared with the use of UV
� lters, which is the current common way of enhancing the UV
stability of PSCs,22 using DS bene� ts from the exploitation of
the energy of otherwise lost photons, while still protecting the
absorber material from the harmful UV radiation. One
example, by Anizelli et al., compared the results against a UV
� lter obtaining a similar development of the device’s
parameters with prolonged UV exposure.25

As stated earlier, the need for ever-decreasing thickness
without compromising solar cell performance is a driver for
research in the PV� eld. However, decreasing thickness leads
to lower red� NIR absorption, as this radiation has higher
penetration depth. Therefore, di� erent light-trapping (LT)
methods have been studied to improve this low-energy
absorption, such as the use of metallic or dielectric nano-
particles,41� 43 front or rear texturing of the cell,6,44,45 and the
use of high index dielectric structures on the cell front.7,46,47

This latter LT method, operating in the regime of wave-optics,
is the one considered in this work. Front-located high index
photonic structures allow strong forward scattering of light,
thus increasing its travel path within the PV absorber, as well as
the creation of resonant modes, related with the structure’s
properties, that can greatly boost the cell’s absorption. For
periodic structures, this increase can even surpass the
theoretical limit� the Tiedje� Yablonovitch limit� for speci� c
wavelengths related with the LT structure’s pitch.6,47,48

2. RESULTS AND DISCUSSION
In this study, two di� erent types of solar cells were considered
(Figure 1a and b): First, a planar cell, henceforth PC, and a cell
with light trapping structures, henceforth LTC. The absorber
material considered in the PSCs is the conventional best-
performing CH3NH3PbI3 (MAPbI3) perovskite.12,18 Two
di� erent thickness values for the perovskite layer were used,
namely, 250 and 500 nm, as the latter value is that
conventionally used in PSCs, while the former is of interest
for the development of ultrathin photonic-enhanced devi-

ces.8,9,16,49 The remaining solar cell dimensions and materials
are based on previous results from optimizations centered on
maximizing the optical performance of front LT structures on
the PSCs,49 which are summarized inTable S1. A preferential
implementation of luminescent down-shifting (LDS) materials
is via their embedment in a polymeric matrix used as the cell’s
encapsulant,24,25,50 as sketched inFigure 1a and b, which is
generally several micrometers thick.24,50 Therefore, such DS
encapsulant layer was modeled as the background medium
over the cells’ structures. This way, in the simulation, the
background refractive index (nBackground) was set to 1.5 as it is a
common value for transparent polymeric materials used for
this purpose such as PMMA,25 EVA,50 PVB50 and PS.24 A base
simulation with vacuum background index (nBackground= 1) was
still made for the PCs, for comparison.

The present work shows how to ideally design the DS e� ect
to attain: (1) maximum optical improvement in the PSCs,
represented in terms of their overall photocurrent density,Jph;
(2) negligible UV degradation by minimizing both the light
absorption in the TiO2 across the full spectral range, and the
UV photocurrent (i.e., carrier generation in the perovskite
because of UV absorption) calculated for wavelengths between
300 and 400 nm, henceforthJph�UV.

The results were obtained using a numerical solver (FDTD
Solutions) provided by Lumerical, Inc.51 The use of this
method allows for the calculation of the electric and magnetic
� elds in the entire simulation region. On the basis of the� elds’
values, the absorbed power density can be determined by Abs
= � 0.5� |E|2imag(� ), where� is the angular frequency,� is the
material permittivity, andE is the electric� eld at a given point
in the simulation region. By integrating this expression in
volume, it is possible to calculate the cell’s absorption
spectrum, A(� ). Then, together with the solar spectrum
incident on the cell, one can calculateJph using Jph =
� A(� )AM1.5G d� , where AM1.5G is the spectrum incident
on the cell. The complex refractive index spectra of the
materials considered in this study are plotted inFigure S1. The
accuracy of the model was corroborated by extended validation
tests described insection S3.

Since this is an electromagnetic method based on Maxwell’s
equations, it cannot exactly simulate the e� ect of DS.
Consequently, here DS was modeled by proper adaptation of
the incident spectrum, as described inFigure 1c. On the basis
of absorption and emission pro� les of typical LDS materials,
taken from several reports,25,33,35,39,52� 54 a Gaussian pro� le
was chosen to emulate these properties (Figure 1c green
dashed pro� le). Gaussian pro� les have three main variables:
the Gaussian RMS width, parameter related with the fwhm
which was� xed at 50 nm; the Gaussian center,� C, that was left
as a variable; and the amplitude, representing the peak
absorption, that was� xed at unity. This Gaussian absorption
was then multiplied with the solar photon� ux, based on the
ASTM G-173 global irradiance spectra provided by NREL,55

to calculate the hypothetical absorption� ux in a thick DS layer
(Figure 1c blue pro� le). Subsequently, this absorbed� ux is
shifted to higher wavelengths, as shown inFigure 1c, by a
shifting parameter,� � , that was also left as a variable. Lastly, to
create the“shifted” spectrum incident on the PSC, the
absorbed� ux was subtracted, while the emission� ux was
added to the pristine AM1.5G spectrum. As an example,Figure
S2 shows the resulting spectral irradiance plots for two
di� erent� � and� C. It should be noted that the process used
to emulate the DS process is an ideal one and, thus, does not
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account for e� ects such as isotropic emission, nonunitary
quantum e� ciency and reabsorption.

First, the solar cells’ absorption pro� les were determined by
the aforementioned method and are displayed inFigure 2a and
b for the PCs and inFigure 3a and b for the LTCs, considering
thenBackground= 1.5. The pro� les fornBackground= 1.0 are shown
in section S4. These absorption pro� les only depend on the
solar cells’ structure and materials, being independent of the
illumination spectrum. Therefore, they are suited to evaluate
the device’s optical performance. For red� NIR wavelengths
there is a decrease in the cell absorption as sub-bandgap
photons are harder to absorb. This is e� ectively shown by the
absorbed power density plots shown for 900 nm wavelength
(rightmost inset pro� les inFigures 2and3), as the absorption
is rather uniform throughout the cell. Note that, for the LTCs,
these losses are reduced by the use of the photonic structures
responsible for scattering light. For shorter wavelengths, the
most notable aspect is the parasitic absorption from TiO2 and
ITO for both PCs and LTCs. The absorbed power density
plots (leftmost inset plots inFigures 2and 3 at 350 nm
wavelength) again serve to further verify this statement, as they
show a pronounced absorption in the TiO2 and ITO layers.
Furthermore, the LTCs show an e� ective UV shading of the
perovskite, revealed by the red shaded area in the absorption

spectra ofFigure 3a and b, as well as the substantial absorbed
power density in the front LT structures shown by the 350 nm
inset pro� les inFigure 3. This increase is due to the thick TiO2
used in these structures, as it is the material responsible for the
light trapping e� ects (i.e., improved broadband antire� ection
and scattering).49 It should be noted that such UV shading is
also bene� cial for the perovskite cells, due to the UV instability
problems.

Subsequently, sweeps were made for the di� erent cells in
study, where� � and� C where varied between 100 and 400 nm
and 300� 400 nm, respectively. The resulting photocurrent
contour plots for the PCs are shown inFigure 2c and d and for
the LTCs inFigure 3c and d. The equivalent results for the
PCs withnBackground= 1 are shown insection S5.

First, one should note that the photocurrent contour plots
(in Figures 2and3) show a similar behavior, which is expected
as these results are chie� y in� uenced by the absorption in the
perovskite layer, which is mostly similar in the 400� 700 nm
wavelength range for the di� erent solar cells (Figures 2a and b
and 3a and b). At around 700 nm, value close to the
perovskite’s bandgap,10,14 a signi� cant drop in absorption
occurs, as below-bandgap absorption is signi� cantly reduced.
Thus, it is expected that the photocurrent sweeps should also
see this e� ect when the shifting occurs to higher wavelengths.

Figure 1.Schematic of the solar cell structures considered in the simulations. (a) Planar cell structure used as reference, composed by the layers:
metal contact (Ag)/hole transport layer (HTL, made of spiro-OMeTAD)/absorber (perovskite)/electron transport layer (ETL, made of TiO2),
transparent conductive oxide (TCO, made of ITO). (b) Light-trapping cell structures integrated in the n-contact (ETL) of the PSC. The
corresponding cell dimensions are shown inTable S1. (c) Plot illustrating the method used to emulate the process of down-shifting. In dashed
green is the Gaussian pro� le, in blue is the absorbed� ux and in red is the emitted� ux. (d) Schematic depicting the process of down-shifting by an
LDS material.
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Indeed this is the case, and, for the LTCs, this drop can be up
to 7% lower than that of the corresponding pristine (without
DS) structure (shown inFigure 3c and d by the white line),
while for the PC this value can be up to 12% lower. Therefore,
it should be noted that the use of unoptimized LDS material
properties can severely degrade the solar cell’s performance.

Considering the photocurrent gains summarized inTable 1,
when comparing the pristine AM1.5G spectrum with the
shifted spectra, one can see that there is only a small increase in
the cell’s performance, even when considering the optimized
� C and� � values indicated inTable 1. For the LTCs, thisJph
increase was up to� 2% (� 0.6 mA/cm2), while for the PCs it
was up to� 1% (0.2� 0.3 mA/cm2), with the main di� erence
being attributed to higher TiO2 thickness in the� rst, as this
layer is mainly responsible for UV parasitic absorption. It
should be noted that, when integrating the ASTM G-173 solar
irradiance spectra in the UV wavelength range (i.e., from 300

to 400 nm), the maximum current density that can ideally be
generated is only� 1.4 mA/cm2, which sets the limit for the
increase in photocurrent that can be attained using DS
methods. Second, the outstanding perovskite’s absorption
properties are also a factor limiting further photocurrent
increases. From the absorption pro� les shown inFigures 2and
3, it can be seen that under 400 nm there is still some
signi� cant perovskite absorption. As such, and understandably,
LDS materials cannot directly provide major photocurrent
improvements in PSCs.

Nevertheless, it should be emphasized that the main
objective of this method is to reduce the harmful e� ects of
UV radiation on PSCs, and for that the optimized DS+LT
solution presented here is shown to be outstanding. On the
other hand, it should be noted that, even though electrical
e� ects were not taken into account in this work, the
enhancement in the overall optoelectronic performance (i.e.,

Figure 2.Results for the PCs structure withnBackgroundof 1.5. Panels a and b are the absorption pro� les calculated for the PCs with perovskite
thickness of 250 and 500 nm, respectively. The black curve corresponds to the light absorption in the perovskite layer; in red, the perovskite + TiO2
absorption; and, in green, the total absorption of the cell. The inset plots represent the absorbed power density through the cross section of the cell,
calculated at speci� c wavelengths indicated by the arrows: the leftmost pro� le is the absorbed power for 350 nm and the rightmost graph is the
absorbed power for 900 nm. Panels c and d are the contour plots of the photocurrent density (Jph) sweeps performed for the PC structure with 250
and 500 nm perovskite layer, respectively; the white contour line represents the pristineJph, that is, the value attained with the AM1.5 incidence
spectrum without any shifting. Panels e and f are examples of the carrier generation pro� les for the PC with 500 nm perovskite layer, considering
the pristine and the optimized (using the� C and� � corresponding to the maximum in panel d) incidence spectrum, respectively.
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conversion e� ciency) of the devices may surpass the
photocurrent gains presented here. This is because the sum
of the optimized� � and� C values (resulting in the wavelength
to where the shifting occurs) nears 500 nm, which is the
spectral position of the peak of the external quantum e� ciency
of this type of PSCs, as determined in previous contribu-
tions.16,25,26,56

Afterward, the generation pro� les were calculated using the
optimum shifting parameters (� C, � � ) obtained from the
photocurrent sweeps (Table 1). These pro� les are shown in
Figure 2e) and f) for the PC andFigure 3e and f for the LTC,
considering 500 nm perovskite thickness. The remaining
generation pro� les for the PCs and LTCs with 250 nm
perovskite thickness are presented insection S6. In all these
cases, a major reduction in the TiO2’s photogeneration is

observed resulting from the use of a shifted spectrum.
Examining the LTC case (Figure 3e and f), it can be seen
that these values vary from around 1.6� 0.2× 1026 cm� 3 s� 1 for
the pristine spectrum to 0.1� 0.02 × 1026 cm� 3 s� 1 for the
optimized spectrum, representing a pronounced change of 1
order of magnitude. Therefore, optimally shifting the spectrum
can almost eliminate the TiO2’s harmful photogeneration and,
in practice, lead to improved device stability. On the other
hand, when comparingFigure 3e and f, it can also be seen a
reduction in the absorption in the perovskite in the reddish
“corner” region indicated by the arrow. This stems from the
higher wavelength radiation incident upon the cell, that has a
higher penetration depth, resulting in a higher solar cell bulk
absorption instead of front surface absorption. A similar e� ect
is also seen inFigure 2f), where the bulk generation is higher

Figure 3.Results for the LTCs withnBackgroundof 1.5. Panels a and b are the absorption pro� les calculated for the LTCs perovskite thickness of 250
and 500 nm, respectively. The black curve corresponds to the light absorption in the perovskite layer; in red, the perovskite + TiO2 absorption; and
in green, the total absorption of the cell. The inset plots represent the absorbed power density through the cross section of the cell, calculated at
speci� c wavelengths indicated by the arrows: the leftmost pro� le is the absorbed power for 350 nm and the rightmost graphs is the absorbed power
for 900 nm. Panels c and d are the contour plots of theJph sweeps performed for the LTC structure with 250 and 500 nm perovskite layer,
respectively; the thicker contour line represents the pristineJph, that is, the value attained with the AM1.5 incidence spectrum without any shifting.
Panels e and f are examples of the carrier generation pro� les for the LTC with 500 nm perovskite layer, considering the pristine and the optimized
(using the� C and� � corresponding to the maximum in panel d) incidence spectrum, respectively.
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from this e� ect. Electrically, this shift from surface to bulk
absorption can also have a bene� cial impact in the solar cell
performance, as in surface absorption there is more electron
recombination, particularly in PSCs.57

Thereupon, the photocurrent values for wavelengths ranging
from 300 to 400 nm (Jph�UV representing the UV absorption)
were calculated using the pristine and optimized spectra, in
order to assess how the shifting can impact the perovskite’s UV
absorption. These values are summarized inTable 2. Taking

the example of the LTC with 250 nm perovskite thickness, for
the pristine spectrum the calculatedJph�UV was 0.7 mA/cm2,
while for the optimized spectrum this value was 0.1 mA/cm2,
representing a reduction of 86% in the harmful UV
photogeneration in the perovskite. The reductions for the
other cases are all also around 80% (Figure 4b). Therefore, a
remarkable reduction in the perovskite’s UV absorption is
determined as a result of the optimized shifting. Consequently,
both the reduction in the perovskite’s UV absorption and the
lower TiO2’s harmful photogeneration, are expected to yield a
pronounced improvement in the lifetime of PSCs implement-
ing such DS solution. From the generation pro� les for the LTC
(Figure 3e and f), it can be seen that the photogeneration in
the TiO2 close to the perovskite interface (a critical region for
the degradation mechanisms to occur)20,22 is lower than at the
topmost part of the TiO2 structures. This reduction occurs due
to the UV shading e� ect that comes from the use of relatively
thick high index front structures, providing further protection
against UV radiation for the device.

The bar chart ofFigure 4summarizes the key results from
this work. Starting with the photocurrent chart (Figure 4a), a
� rst point to be made is the higher current for the 500 nm
PSCs, resulting from the thicker absorber. This di� erence is
due to higher red-NIR radiation absorption, as demonstrated
in Figure 2b) for the PC andFigure 3b) for the LTC. Second,
the higherJph for the PC withnBackgroundof 1.5, when compared
to the equivalent cell with index of 1, stems from better index
matching between the background and the front material in
the cell (ITO), as seen inFigure S3. On the other hand, it can
also be seen that the LTCs have higher Jph when compared
with their planar counterpart. This increase clearly demon-
strates the bene� ts of using photonic structures for LT,
allowing for optically thick but physically thin devices.

The graph also indicates small current increases when using
the optimized spectrum. Considering that electrical losses are
neglected in these studies, it can be inferred fromFigure 4a
that these materials do not show a pronounced increase in
optical performance. However, these same e� ects, such as bulk
instead of surface absorption and lower thermal losses that
come with higher energy transitions, can be deciding factors
leading to improved cell current.

Table 1. Summary of the Main Results from the
Photocurrent Density Sweeps Performed in This Worka

planar cell (PC) LT cell (LTC)

nBackground 1 1.5 1.5
tPerovskite(nm) 250 500 250 500 250 500
pristineJph

(mA/cm2) 22.9 25.9 24.3 27.0 26.1 28.1

optimizedJph
(mA/cm2) 23.0 26.3 24.5 27.2 26.7 28.6

� C (nm) 387.5 400.0 337.5 350.0 350 350
� � (nm) 145 205 115 205 130 190
atPerovskite represents the perovskite thickness,nBackground is the
refractive index used for the background medium, pristineJph is the
value using the illumination spectrum without any shifting, optimized
Jph is the highest value obtained in the sweeps ofFigures 2and3, and
� C and� � are the gaussian center and shifting parameter, respectively,
corresponding to the maximum photocurrent value obtained in the
sweeps.

Table 2. Summary of the Photocurrent Density Values,
Jph�UV, Calculated Only in the UV Wavelength Range (300�
400 nm) for the Perovskite Layer with the Pristine, That Is,
the Unaltered AM1.5 Spectrum, and the Optimized
Spectrum, That Is, the Spectrum Using the Optimized
down-Shifting Parameters Obtained in the Photocurrent
Sweeps ofFigures 2and3

planar cell (PC)
LT cell
(LTC)

nBackground 1 1.5 1.5
tPerovskite(nm) 250 500 250 500 250 500
pristineJph�UV (mA/cm2) 1.0 1.0 1.2 1.1 0.7 0.7
optimizedJph�UV (mA/cm2) 0.2 0.2 0.3 0.2 0.1 0.1

Figure 4.Bar charts summarizing the results from the photocurrent sweeps attained with the pristine (blue) and optimized (red) spectra incident
on the PC and LTC PSCs with either 250 or 500 nm perovskite thickness. (a)Jph values obtained considering the full UV� visible� NIR wavelength
range (300� 1000 nm). (b) UV photocurrent (Jph�UV) values for wavelengths ranging from 300 to 400 nm. The more transparent bars refer to the
devices with 250 nm perovskite thickness, while the others refer to those with 500 nm perovskite thickness.
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The bar chart analyzing theJph�UV in Figure 4b shows that a
remarkable reduction of around 80% is observed for all cases in
the UV light absorption by the perovskite material. Therefore,
by maintaining a similar optical current, while signi� cantly
reducing the harmful e� ects of UV radiation in these cells, an
increased long-term performance is anticipated.

3. CONCLUSION
In conclusion, the use of optimized DS materials in the PSCs’
encapsulation revealed a marginal increase in photocurrent at
best of 2% (� 0.6 mA/cm2). This is due to the inevitable fact
that there is not so much current that can be gained from
exploiting the UV, and one is limited to the maximum gain that
can be obtained by absorbing all this radiation, which of only
1.4 mA/cm2. On the other hand, the use of unoptimized� �
and� C revealed a severe impact in the optical performance of
the cells, reducing the photocurrent by 7% and 12% for the
worst cases simulated of the LTCs and PCs, respectively. The
optimum� � and� C implied a spectrum shift to wavelengths
around 500 nm, matching well with the PSC’s electrical
performance peak, that could imply an increased device’s
e� ciency surpassing the gains determined in this work.

Importantly, from the analysis of the perovskite stability, one
obtained a signi� cant reduction in the TiO2 harmful
photogeneration of 1 order of magnitude, coupled with an
increase in the perovskite’s bulk generation. The LTCs
revealed a further decrease in the TiO2 photogeneration near
the perovskite/TiO2 interface due to the UV shading e� ect
provided by the LT structures. By assessing the perovskite UV
photocurrent for the di� erent simulated cells, reductions up to
86% were obtained when comparing Jph values for the pristine
and changed spectrum. Therefore, from these analyses, one can
infer that the use of LDS avoids the unwanted e� ects of UV
radiation on the perovskite, demonstrated by the hefty
decrease in UV absorption coupled with the diminished
TiO2 photoactivity resulting from lower photogeneration.
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