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Experimental details 

The CPSCs for this experiment were fabricated as follows: 

Fluorine doped tin oxide (FTO) coated glass plate (10x10 cm2, RSH = 7 Ω/Sq, TCO22-7/LI 

from Solaronix) was first patterned with a programmable automated laser and was washed in 

1% aqueous solution of Hellmanex, acetone, and isopropanol solvents respectively (15 min 

each) in an ultrasonic bath. A mixed solution of titanium diisopropoxide bis (acetylacetonate) 

(75% in isopropanol, Sigma-Aldrich) in absolute ethanol (1:80) with oxygen as a career gas 

with was sprayed over a preheated (500 °C) hot-plate to grow thin (30-50 nm) compact TiO2 

layer by using a glass mask to protect the non-active areas of the 10x10 cm2 glass plate. The 

plate was then left to cool down to room temperature. After that, the screen-printing of the TiO2 

paste (Ti-Nanoxide T165/, Solaronix) was performed over the compact TiO2 layer to obtain 

the mesoporous TiO2 layer (300-500 nm) which was first dried at 150 °C for 5 minutes and 

was subjected to 500 °C for 30 minutes and was cooled down to room temperature. 

Then an insulating mesoporous ZrO2 layer (1-2 µm) was printed by screen-printing the ZrO2 

paste (Zr-Nanoxide ZT/SP, Solaronix) over the mesoporous TiO2 layer and was again first 

dried at 150 °C for 5 minutes and was then sintered at 500°C for 30 min followed by cooling 

down the substrate again to room temperature. Then screen printing of conductive carbon paste 

(Elcocarb B/SP, Solaronix) was performed to obtain the carbon back contact (10-12 µm) which 
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was followed again by drying at 150 °C for 5 min, and then sintering at 400 °C for 30 min. The 

substrates were finally cooled down to room temperature before the infiltration of perovskite 

precursor ink.  

Perovskite precursor ink formulation  

0.191 g of methyl ammonium iodide (MAI, Dyesol) was first mixed with 0.553 g of PbI2 (TCI 

Chemicals) and 0.015 g of 5-ammonium valeric acid iodide (5-AVAI, Dyesol) and all 

aforementioned ingredients were then dissolved in 1 ml of gamma-butyrolactone (GBL, Sigma 

Aldrich) in a glass vial under a laboratory fume hood which was sealed and placed for stirring 

on a preheated (at 70 °C) hot-plate for 30 minutes. While still warm, the clear yellow solution 

was filtered through a 0.2 µm PTFE filter and was allowed to cool down to room temperature.  

Semi-automated infiltration of perovskite precursor ink 

The perovskite precursor ink was introduced in the active area of the electrode stack with the 

help of a programmable multi-channel pipetting robot (home-made, Solaronix). To do so, the 

non-active area of the samples was masked with adhesive polyimide cut out shapes 

(Impregnation Masks, Solaronix) prior dispensing to avoid the presence of perovskite 

anywhere else than the region of interest. The wet substrates were allowed to dwell for several 

minutes in order to let the liquid sip into the porous structure. The substrates were then annealed 

at 50 °C for 90 min to yield to the desired photovoltaic devices after removal of the masking 

film. 

Measurements 

The J-V curves of CPSCs were recorded under 1000 W/m2 light intensity equivalent to 1 Sun 

with a reference solar cell (PV measurements Inc) in the Xenon lamp based solar simulator 

(Peccell Technologies, PEC-L01, Japan). The scan rate of the measured J-V curves was 4.2 



mVs-1 whereas the aperture area was 0.16 cm2 which was defined by the black tape mask. The 

other scanning parameters are described through a direct screen shot of the measurement 

software (Peccell Technologies-Japan, Figure S1). These settings were kept constant 

throughout the whole experiment. The SEM images of PSCs were recorded with scanning 

electron microscope (Zeiss Ultra 55 FEG-SEM). The XRD data was measured using a Rigaku 

Smartlab diffractometer with Cu anode and Ge (220) double bounce monochromator. The 

integrated intensity (shown in more detail in Figure 5b) is normalized against the graphite peak 

integrated intensity of each XRD pattern. The reflectance of the fabricated PSCs was measured 

with integrated sphere in a UV/Vis/NIR Spectrometer (Lambda 950, Perkin Elmer). 

Photoluminescence was recorded on a spectrofluorometer Fluorolog 322 by exciting the 

samples at a fixed wavelength of 450 nm. The sheet resistance (RSH) as presented in Table 2 of 

the carbon back electrodes was measured with a four-probe measurement system (Hewlett 

Packard). For the time-resolved photoluminescence studies, the spectrometer working in 

a time-correlated single-photon counting mode with <ns time resolution was used. Picosecond 

pulsed diode laser head NanoLED-405LH (Horiba) emitting <200 ps duration pulses at 408 

nm with repetition rate of 1 MHz was used as an excitation source. For both steady-state and 

time-resolved photoluminescence measurements, the samples were excited from the FTO side.         

 

Moisture assisted thermal exposure (HTE) on the fabricated CPSCs 

Different batches of fabricated CPSCs for this study were placed over a period from minimum 

2 hours to maximum 200 hours in an automated weather chamber (Arctest 150-Finland). The 

humidity and temperature were maintained to 70 ± 5 % and 40 °C respectively which have also 

been continuously monitored through both the electronic and mechanical humidity meters. 

After the HTE treatment, the devices were cooled down to room temperature and were kept in 

the vacuum box prior measurements.  



Device sealing of CPSCs for long-term stability test 

Double-sided sticky tape (100 µm, 3M Scotch adhesive tape) was attached at every corner 

around carbon electrode. After that thin glass cover (20x20 mm, VWR) was attached over the 

sticky tape to protect the active area. Contacts were then fabricated by applying copper tapes 

at very edges of the CPSCs. After that, quick drying silver paint (Electrolube) was applied to 

complete the contacts. In last, the contacts and the device active area was additionally protected 

by squeezing slow drying epoxy as shown in Figure S1. After that the devices were kept 

overnight in vacuum to dry the epoxy. 

 

Figure S1. Device sealing of a HTE treated CPSC fabricated for long-term stability test.  

 

Long-term stability test  

After the HTE treatment, one batch of CPSCs (6 devices) was subjected to long term stability 

test which is comprised of full sun illumination (equivalent to 1000 W/m2) and 40 °C for a 

period of 350 hours at open circuit conditions in a home-made light soaking system as reported 

in our earlier research work 14. The J-V curves of the subjected devices have been periodically 

measured in the same solar simulator (Peccell-Japan) as described in the measurements section.   



 



 

 

 



 



 



 



 



 

 


