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ABSTRACT 

Double-perovskites have recently emerged as possible alternatives to lead-based halide 

perovskites for photovoltaic applications. In particular, Cs2AgBiBr6 has been the subject of 

several studies due to its environmental stability, low toxicity, and its promising optoelectronic 

features. Despite these encouraging features, the performances of solar cells based on this 

double-perovskite are still low, suggesting severe limitations that need to be addressed. In this 

work we combine experimental and theoretical studies to show that the short electron diffusion 

length is one of the major causes for the limited performances of Cs2AgBiBr6 solar cells. Using 

EQE measurements on semi-transparent Cs2AgBiBr6 solar cells, we estimate the electron 

diffusion length to be only 30 nm and corroborated this value by THz spectroscopy. By using 

of photothermal deflection spectroscopy and surface photovoltage measurements we correlate 

the limited electron diffusion length with a high density of electron traps. Our findings highlight 

important faults affecting this double-perovskite, showing the challenges to overcome and 

hinting to a possible path to improve the efficiency of Cs2AgBiBr6 solar cells. 

 
In the last decade, organic-inorganic lead-halide perovskites have been the protagonists of a 

remarkable ascent in the photovoltaic landscape, with the power conversion efficiency of 

single-junction solar cells skyrocketing to 25.2% in less than 10 years of investigation, and 

over 29% when integrated into tandem cells with silicon.1  Despite the impressive photovoltaic 

performance, these hybrid materials present some drawbacks. In fact, even the best perovskite-

based cells currently have much lower operating lifetimes in the ambient (thousands of hours)2 

than traditional inorganic semiconductor based cells (~25 years). The volatility of the organic 

cation is considered to be a significant contributor to this instability,3,4 which should be 

improved using inorganic cations. However, attempts to utilize the inorganic perovskite CsPbI3 



have been thwarted by the intrinsic thermodynamic instability of the photoactive phase at room 

temperature.5,6 Additionally, there are some concerns due to the presence of lead, as well as the 

almost exclusive use of toxic solvents in solution processing. While studies thus far have 

indicated that the associated risk of the use of lead is small, when deployed in utility scale 

solar,2,7,8 social barriers towards the use of lead may need to be addressed.9 Furthermore, there 

may simply be other materials which are yet to be discovered, which could have superior 

properties than lead-halide perovskites. For these reasons, the search for alternative inorganic 

perovskites employing less toxic metals is of high interest. The flexible perovskite crystal 

structure admits a staggering number of elements with wide variety of configurations10 and 

therefore represents an ideal set where to conduct this search.  The model perovskite should 

retain the near-ideal optoelectronic properties (long diffusion length, low trap density, direct-

bandgap ideally between 1-1.8 eV). 

In this landscape, double-perovskites have recently emerged as particularly promising 

alternatives11-13 exhibiting encouraging optoelectronic properties, high environmental stability 

and low toxicity. In the double-perovskite crystal, Pb2+ is replaced by alternating monovalent 

and trivalent metal cations, thus preserving an average divalency. The resulting three-

dimensional structure takes the form A2M’M’’X6, where A is a monovalent cation, M’ and M’’ 

are monovalent and trivalent metal ions respectively, and X is a halide anion. Initial 

computational studies pointed to pnictogens (Bi3+ and Sb3+) and noble metals (Cu+, Ag+, Au+) 

as optimal substitutes for Pb2+, due to their stable oxidation states, high conductivity in the 

metallic form, and ionic radii comparable to Pb2+ in an octahedral environment.14,15 Recent 

works on the Cs2M’M’’X6 family (M’=Au+, Ag+, Cu+ and M’’=Bi3+, Sb3+) have revealed 

encouraging optoelectronic properties, characterized by visible to near infrared absorption,16-18 

relatively small carrier effective mass14 and bright emission.19,20 



In particular, the double-perovskite Cs2AgBiBr6 has been the subject of much fundamental 

material characterisation and initial application in photodetectors and photovoltaic 

devices.11,16,18,21-25 Material characterisation and calculations suggest promising features: single-

crystal carrier lifetime of 1 μs, moderate charge-carrier mobility, and an absorption-edge in the 

visible.26 However, despite these favourable characteristics, the best reported photovoltaic 

power conversion efficiency (PCE) for a planar heterojunction solar cell is still only 2.84%, 

with an open circuit voltage (VOC) of 1.06 V, fill factor (FF) of 0.524 and short-circuit current 

(JSC) of 5.13 mA cm-2.25 It is historically common that incipient PV technologies suffer from 

large voltage deficits, which gradually reduce as material processing improves and as methods 

to passivate defects are discovered.27 However, the severely inhibited JSC is unusual, and could 

prove to be a major barrier to high performance. Furthermore, due to the indirect bandgap of 

Cs2AgBiBr6, thick absorber films, on the order of tens to hundreds of microns, would be 

necessary to substantially increase the photocurrent generation, but this would require 

extremely long charge-carrier diffusion lengths. For this reason, knowing the charge-carrier 

mobility and diffusion length is fundamental to choose the proper material thickness for high 

short-circuit currents. Notwithstanding this, a clear evaluation of these parameters in this 

material is still missing, and to date, several different values have been reported.26,28-31  

Here, we undertake a thickness-dependent study of vapour deposited Cs2AgBiBr6–based 

solar cells. We evaluate the carrier diffusion length based on the combination of external 

quantum efficiency (EQE) measurements on semi-transparent devices and optical modelling, 

and compare it to values we estimate using terahertz photoconductivity spectroscopy and time 

resolved photoluminescence. We specifically reveal that short electron diffusion length, on the 

order of a few tens of nanometers, is the cause for low short-circuit current densities reported 

in these solar cells. We also perform photo-thermal deflection spectroscopy (PDS) and surface 

photovoltage measurements (SPV) and correlate this short electron diffusion length with the 



presence of a high density of electron traps. We suggest that the electron diffusion lengths in 

Cs2AgBiBr6 must be improved as a matter of priority, in order to achieve better performance. 

Such improvements, likely driven by reduction in trap densities, would also increase open-

circuit voltages and reduce hysteresis.  

In this work we prepare Cs2AgBiBr6 thin films through sequential evaporation, as described 

in the Supporting Information. To assess the successful formation of the double-perovskite, we 

performed X-Ray diffraction (XRD) of thin-films deposited on FTO. The sharp peaks in the 

XRD pattern (Figure 1a) of the evaporated material confirm its high crystallinity and the 

absence of any additional phases or unreacted precursors. Optical properties measured on a 

quartz substrate (absorbance, photoluminescence -PL- spectra, photoluminescence excitation -

PLE- spectra) are presented in Figure 1b, and are consistent with previous reports.16,32,33 The 

films exhibit strong and increasing absorption below 400 nm, which has been identified with 

the direct-bandgap at ~ 3 eV. The strong peak at 440 nm is still subject of controversy: some 

identify it with a tightly bound exciton at the direct bandgap edge,34,35 while others ascribe it to 

a strong transition between the Bi3+ s-p orbitals, without bound character.36,37 The weak 

absorption tail beyond 440 nm is considered to be the indirect bandgap, which we will return 

to later on. The large Stokes shift between absorption and emission, the similarity between the 

absorption and PLE spectra, and the independence of the PLE spectra from the emission 

wavelength at which are measured (Figure S1), are common signal of charge-lattice interaction 

mechanisms, like polaron formation, self-trapped excitons or colour-centre formations, as 

previously reported in other works.20,24,38-40 We note that recently Zelewski et al. observed a 

“quenching” of the PLE spectra of Cs2AgBiBr6 single crystals, for excitations around 2.8 eV 

(440 nm). We cannot observe this same quenching in the thin films here, except for the weak 

emission detected at shorter wavelengths than 520 nm (Figure S1). It is beyond the scope of 

our present work to investigate further into this phenomenon, but we highlight that ambiguities 



around the whole nature of photoexcitation and emission in this material still persist.  

 

Figure 1 a) XRD pattern of the evaporated and annealed Cs2AgBiBr6 thin-film on FTO. b) 

Absorption (black curve), PL excitation spectrum (PLE, blue curve, recorded at 600 nm 

emission peak) and PL spectrum (red curve, excitation at 405 nm) of Cs2AgBiBr6 thin-film 

deposited on quartz. 

 

We then prepared double-perovskite n-i-p cells with different active layer thicknesses. The 

structure of the fabricated n-i-p cell is FTO/TiO2 /Cs2AgBiBr6/Spiro-OMeTAD/Ag, as 

described in the Supporting Information and schematically represented in Figure S2a. In Figure 

2a we present the JV curves of the best devices for each film thickness, while in Figure S2b we 

present the corresponding steady-state JSC and steady-state power output (SPO) which are 

similar to those obtained from voltage scans (Table S1). The champion device, obtained with 

750 nm of double-perovskite active layer, was measured to have a PCE of 1.03%, with an open-

circuit voltage (VOC) of 1.10 V, short-circuit current (JSC) of 1.33 mA cm-2 and a fill-factor (FF) 

of 0.70, which are comparable to previous reports.41-43 Interestingly, we do not observe any 

clear trend between the device performance and the active layer thickness, as Figure 2b reveals. 

We show the XRD patterns of perovskite layers of different thickness in Figure S2c, which 

exclude the possibility of unwanted phases or unreacted precursors in the different films. 
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Figure 2 a) J-V curves of the solar cells with different Cs2AgBiBr6. b) JSC (mA/cm2, red), PCE 

(%, blue), VOC (V, green) and FF (yellow) of 15 cells for each Cs2AgBiBr6 thickness. Forward-

bias to short-circuit (FB-SC) scans and data are shown as solid-lines and filled bars, and short-

circuit to forward bias (SC-FB) scans and data as dashed lines and open bars. 

 

In the inset to Figure 3a, we show a Tauc plot of the absorption spectra, from which we 

determine an indirect bandgap at 2.25 eV, similar to previous reports.14,16 . For such a material, 

the thermodynamic limit, for the performance (with the Shockley-Queisser assumptions44) 

would be 17.6%, with VOC =1.93 V and JSC =9.79 mA cm-2. Every 60 mV loss in VOC from the 

thermodynamic limit, corresponds to an order-of-magnitude reduction in the external radiative 

efficiency (ERE).45-47 Our devices exhibit a large voltage deficit of ~800 mV, suggesting an 

extremely low external radiative efficiency (ERE) of ~10-13 for a full device with injection 

condition comparable to 1 sun. In comparison, the best inorganic-organic perovskite cells have 

ERE~0.1. This is indicative of an extremely high rate of non-radiative recombination, which 

in turn indicates extremely large trap densities or other non-radiative processes. We investigate 

the sub band gap absorption in these thin films via photothermal deflection optical absorption 

spectroscopy (PDS, Figure 3a). This observation reveals a shallow absorption edge with an 

Urbach energy of 70 meV, and significant “panchromatic” absorption, at between 1% and 0.1% 
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of the peak absorption strength, reaching down to 1000 nm. This is consistent with a large 

density of sub-bandgap states, which we would expect to mediate fast charge-carrier trapping 

and subsequent non-radiative recombination. We measured the PL quantum yield (PLQY), of 

our neat Cs2AgBiBr6 thin films on glass (Figure 3b), determining a value of ~0.08% (~10-4). 

Although this PLQY value is low, as compared to lead halide perovskites, it is orders of 

magnitude higher than the 10-13 required to justify such low Voc in the solar cells assuming a 

Shockley-Queisser type step function absorption spectrum. However, even in the radiative 

limit, the shallow absorption onset and the presence of such sub-bandgap states can be expected 

to significantly limit the open-circuit voltage in PV devices. This is due to the dark 

recombination current density (J0) being proportional to the overlap integral of the black body 

spectrum under ambient temperature (300 K), and the absorption spectrum of the solar absorber 

material. Since the 300 K black body spectrum increases exponentially moving towards lower 

energy, this factor, J0, is highly sensitive to small changes in both the steepness of the 

absorption onset (Urbach energy) and sub band gap absorptions.27 Furthermore, charge 

quenching at the interface between the absorber layer and the charge extraction layer is also 

usually responsible for significantly quenching the luminescence efficiency in a lead-halide 

perovskite PV cells.48 This is specifically problematic for wider band gap absorber materials,47 

where there has been little work thus far appropriately matching the energetics at these 

interfaces. Therefore, further improvement in Voc is likely to be feasible via better election of 

materials for charge extraction layer, or tuning of this interface to minimise recombination 

losses. Historically, PV technologies started off with hundreds of mV of voltage deficit, which 

slowly improved as materials processing and device architecture design improved. However, 

the very low photocurrent density, representing a loss of ~ 90% of the absorbed photons, is not 

typical, even for incipient materials. Consequently, we must consider what can be the origin of 

these photocurrent losses.  



 

Figure 3 a) PDS spectrum of neat Cs2AgBiBr6 film on quartz glass. Inset, Tauc plot with the 

calculated indirect bandgap reported. b) PL spectrum and PLQY value of Cs2AgBiBr6 

measured in an integrating sphere with 405nm laser excitation. 

 

To answer this question, we investigate the charge transport and photocurrent generation in 

complete Cs2AgBiBr6 solar cells and thin film in order to estimate the carrier diffusion lengths 

and reveal if there exists an asymmetry in the electron and hole conduction out of the device. 

We first fabricated semi-transparent PV cells with 435 nm of Cs2AgBiBr6, and measured their 

photovoltaic external quantum efficiency (EQE) spectra through front illumination (through 

the n side), and rear illumination (through the p side), which we schematically represent in 

Figure 4a. When illuminated through the n side, the EQE (blue curve in Figure 4b) has a peak 

of ~15%, which very closely matches the absorption spectrum in shape, and has an air-mass 

(AM) 1.5 integrated current of 0.78 mA cm-2. When illuminated through the p side, the EQE 

(orange curve in Figure 4b) peaks at only 2.5%, has a shape that counter-correlates with the 

absorption spectrum, and gives an AM1.5 integrated current of 0.16 mA cm-2. We note that the 

light attenuation from the 20 nm thick “semi-transparent” gold (~20% at 450 nm) is not 

sufficient to account for this effect. To understand these results, we have to consider that as 

light passes through the perovskite, its intensity decays exponentially with depth accordingly 
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to the Beer-Lambert law. This means that the density of generated carriers will be higher closer 

to the transport layer from which light enters in the device (i.e., higher density next to the 

electron-transport layer (ETL) for n side illumination, and higher density close to the hole-

transport layer (HTL) for p side illumination, as represented by the carrier generation profile 

curves in Figure 4a). Consequently, with the n side illumination, holes will have the longer 

path to travel to be extracted, as compared to electrons, while for p side illumination electrons 

will have to travel further than holes to reach the ETL, as indicated by the open-arrows in 

Figure 4a. Observing the EQE in Figure 4b, it is clear that the p side EQE is much lower than 

the n side EQE, indicating that when electrons have to travel across the entire active layer 

thickness, they cannot be efficiently collected. Furthermore, the p side EQE also shows an 

“inversion” in shape in comparison to the n side EQE and to the absorption spectrum: the peak 

in the absorption at 440 nm corresponds to a dip in the p side EQE. This happens because 

wavelengths that are strongly absorbed do not reach the far-end (electron-transporting layer in 

this case), causing a dip. Weakly absorbed wavelengths, instead, propagate to the far end in 

greater numbers, appearing as peaks. In contrast, the n side EQE spectrum very closely follows 

the absorption spectra, with the clearly defined peak at 440 nm, rather than the total absorptance 

spectrum, which for this 435 nm thick film is much broader, as we illustrate in Figure S3. This 

observation is consistent with only a very thin section of the film near the electron extraction 

layer contributing to photocurrent generation. 

 



 

Figure 4 a) Schematic illustration of the device structure used in the double-side EQE 

measurement and the two measurement conditions, with the corresponding carrier generation 

profile. b) EQE measured with illumination from the ITO (blue curve), from the gold (orange 

curve) and the modelled n-EQE (black dashed curve). c) Current generation at a distance x 

from the ETL (black curve) and from a distance 435-x from the HTL (red curve) in the case of 

n-side illumination. The dotted blue line indicates the current obtained from the integration of 

the n-EQE  

 

These considerations lead us to conclude that electron diffusion is the factor limiting the 

short-circuit current of Cs2AgBiBr6 solar cells. We then combined our EQE data with an optical 

model (generalised transfer matrix method) to obtain a quantitative estimation of the electron 

and hole diffusion length in our devices (Figure 4c). For this, we made the following simplified 
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consideration; if the diffusion length of electrons is de, we assume that only electrons generated 

within a length de from the ETL will be collected. We make the same assumption for the 

diffusion length of holes dh, and undertake that the overall short-circuit current in the device 

will be governed by the smaller of the electron and hole currents. We then modelled the carrier 

generation profile as a function of incident light wavelength using the generalised transfer 

matrix method, and estimated the total light absorbed as a function of wavelength within a 

length d of a transport layer. This allowed us to reconstruct the contribution to the EQE 

spectrum, for every section of film with thickness d, with the assumption of an abrupt interface 

at d; all light absorbed within d is converted to collected photocurrent, while all light absorbed 

beyond d is lost. Additionally, we assume that the solar cell current is limited by the smaller of 

the electron and hole currents. Assuming n side illumination, we varied d  until the modelled 

EQE best approximated the measured spectrum, which we show in Figure 4b and c. This tells 

us that under these assumptions, the electron diffusion length de is ~30 nm and that the hole 

diffusion length dh > 150nm (note greater than, not approximately). We executed the same 

procedure for the p side illumination (Figure S4). However, we remark that the unavailability 

of the optical constants of the thin gold semi-transparent electrode causes an underestimation 

in the EQE modelled for p side illumination. We also note that the interference fringes visible 

in our modelled EQE spectrum (Figure 4b), which are not replicated in the experimental data, 

are likely to reflect that the physical material interfaces are not perfectly smooth in the real 

devices, as required for coherent optical interference.    

To further investigate charge-carrier mobility, and to corroborate the above estimated carrier 

diffusion lengths (de ~30nm, dh> 150nm), we performed optical-pump-terahertz-probe (OPTP) 

photoconductivity measurements (see the Supporting Information for a more exhaustive 

explanation).28,41,49,50  



We report the results in Figure S5a. Our OPTPs measurements give a sum mobility of 𝜙S𝜇 =

0.74 ± 0.29	cm2 V-1 s-1 in good agreement with previous measurements carried out by Time-

Resolved Microwave Conductivity.28 From the measured mobility we obtained the charge-

carrier diffusion length by calculating the diffusion co-efficient and knowing the recombination 

rate, as described in the Supporting Information. In order to estimate the recombination rate, 

we performed time correlated single photon counting (TCSPC), and present the time resolved 

PL decay in Figure S5b. The highly heterogeneous nature of the PL decay has been previously 

reported, both in thin films and single crystals.28,34 Fitting the PL decay using monoexponential 

and a stretched exponential function we obtained values for 𝑘! of 5–38.5*107 s-1 (see 

Supporting Information for the discussion on the evaluation of 𝑘!). Approximating 𝑅"(𝑛)~𝑘!, 

we calculate values of 70-200 nm for the diffusion length. Although THz photoconductivity 

measurements cannot distinguish between electron and hole contributions to the charge-carrier 

mobility, providing a sum mobility, these diffusion lengths are in reasonably close agreement 

with the values obtained from our EQE model above. Alternatively, this mobility estimated by 

THz spectroscopy, is also likely to represent an upper estimate of the long-range mobility in 

the solar cell devices, where for the latter charge conduction is sensitive to scattering events on 

longer length scales.  

The presence of traps states, especially at the surface and at interfaces with the extraction 

layers, is a common reason for short carrier lifetimes in semiconductor devices. So far we 

presented consistent evidence of the presence of a significant density of electron-traps in 

Cs2AgBiBr6. In order to gain a deeper understanding on the nature of these trap states, we 

performed Kelvin probe surface photovoltage (SPV) measurements on a double-perovskite thin 

film deposited on top of the FTO substrates and on different transport layers. Kelvin probe is 

a non-invasive technique that permits to evaluate the work-function of the material of interest 

through capacitance measurements between the sample and an oscillating tip with known 



work-function. A detailed working mechanism of this technique is reported in the Supporting 

Information and in Figure S6. We determine the work-function of Cs2AgBiBr6 thin film 

deposited on FTO, measured in dark and nitrogen atmosphere, to be 4.91 eV, which is very 

close to the value of 4.94 eV, which we obtained from ultraviolet photoelectron spectroscopy 

(UPS) measurements, which are conducted under ultrahigh vacuum and presented in Figure 

S7.  Interestingly, from UPS, we determined a deep lying valence band maximum (VBM) at 

around 6.8 ± 0.3 eV (see Supporting information for further discussion and discussion on error 

margins). Knowing that the optical bandgap is ~ 2.25 eV and assuming a negligible exciton 

binding energy, this indicates that we expect the position of the conduction band minimum 

(CBM) to be at ~ 4.55 eV. Therefore, the position of the fermi level (analogous to the work 

function in the KP measurements) would appear closer to the CBM, suggesting that our 

sequentially evaporated Cs2AgBiBr6 thin film is n-type in nature. Our result here contrasts with 

the previously reported works, in which this double-perovskite was presented as p-type 

semiconductor,26,51,52 and also seems to be counterintuitive to our estimation of very short 

electron diffusion lengths, since electrons should be the majority carrier in our “n-type” 

material. However it is known that defect formation (and consequently the majority carrier 

population) are strongly influenced by the material fabrication technique that can substantially 

alter the semiconductor electronic properties.53 Our results indicate that sequentially evaporated 

Cs2AgBiBr6 thin films present an n-type character, possibly related to Br- vacancies31 as has 

been previously infered.24 However, we also note that UPS measurements probe the electronic 

structure of the utmost surface of a sample. Therefore, the presence of defects on the surface, 

could account for the discrepancies between our measurements and previous reports.     

We present surface photovoltage (SPV) measurements of the double-perovskite films on 

FTO and on different transport layers in Figure 5a and b respectively. 



 

Figure 5 a) Work-function of a Cs2AgBiBr6 thin-film on FTO in dark and under white light. b) 

Contact potential difference of a Cs2AgBiBr6 thin-film on different charge carriers transport 

material. 

 

SPV measures the change of the contact potential difference (CPD) between the sample 

surface and the Kelvin probe tip when the sample is illuminated, and it is defined as 

SPV=CPDlight-CPDdark.54 Observing the direction of the potential bending and its change with 

illumination, it is possible to gather information about the nature of the surface states of the 

semiconductor material investigated. In Figure 5a the SPV of the evaporated double-perovskite 

on FTO is reported. Under illumination, the work-function decreases, generating a SPV of 

almost -250mV. Considering the n-type character of the material, a negative SPV indicates a 

reduction of the band bending (see Figure S6e), consistent with the presence of electron traps. 

Interestingly, we observe that under illumination, the CPD (and, consequently, the calculated 

work-function) has an unsteady behaviour, flatting after several seconds of light exposure. The 

long time scale necessary for its stabilizations suggests that this phenomenon is due or 

influenced by a slow process, likely ionic movement. However, this behaviour is fully 
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recoverable, since the dark work-function value is the same even after several cycles of 

illumination.  

Finally, we evaluate the SPV of the double-perovskite on different hole and electron transport 

layers (Figure 5b). All the CPDdark values where set to 0 mV, in order to facilitate the 

comparison between the different samples. When the double-perovskite is deposited on top of 

electron transport materials (as SnO2, TiO2 or PCBM), the SPV value becomes slightly more 

negative than on FTO, reaching values of -300 mV. This can be understood thinking that as the 

free carriers are created under illumination, the electrons are selectively extracted by the 

transport material at the buried interface, leaving a higher hole concentration than on FTO. The 

holes left annihilate the trapped electron at the surface decreasing even more the band-bending. 

On the contrary, when a hole transport material is used as underlying layer (as Spiro or P3HT), 

the SPV becomes positive (+50 mV and +150 mV respectively). After photo-generation, holes 

get mostly extracted by the hole transport layer while electrons remain in the double-perovskite 

film increasing the surface band bending, then creating a positive SPV. These results are hence 

also consistent with the presence of electron traps at the double-perovskite surface, indicating 

a prevalence for electron trapping in this material 

In summary, in this work, through a combined experimental and theoretical study, we have 

obtained a deeper understanding of the limiting factor for the performances of Cs2AgBiBr6 

solar cells. A thickness-dependent study of the photovoltaic parameters of the double-

perovskite devices, revealed that the JSC is independent from the absorber thickness, but much 

lower than expected from the total light absorbed in the films. We resolved this apparent 

contradictory results, by analysing the EQE spectrum via illumination through the front and 

back side of the cells, and revealed that the material suffers from a very low electron diffusion 

length, but has a substantial hole-diffusion length. This observation is corroborated using THz 

spectroscopy, from which we determined a modest sum mobility of electrons and holes of less 



than 1 cm2 V-1 s-1, and a corresponding charge carrier diffusion length of between 70 to 200nm. 

We ascribe this short electron diffusion length to the presence of energetic disorder and 

specifically a high density of electron traps, which we revealed by PDS measurements and 

surface photovoltage analysis. We believe that these results represent a significant step forward 

for understanding the deficiencies of double-perovskites for photovoltaic applications, and 

hence elucidate the next challenges which need to be addressed in order to improve the 

performances of this promising class of double-perovskites materials and optoelectronic 

devices. 
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