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Abstract 

    Metal oxide transporting layer in organic-inorganic 

perovskite solar cells (PSCs) have a tremendous improve-

ment in both aspects, first stability and second high power 

conversion efficiency (PCE), which open a new paradigm 

for commercialization in near future. Herein we report for 

the first time a novel home-made ball milling technique 

for the synthesis of tin oxide (SnO2) nanoparticles (10~20 

nm sizes) fabricated at room temperature, employed as an 

electron transporting material (ETM) in planar PSCs. A 

smartly designed ground SnO2 (G-SnO2) NPs acts as a 

mesoporous layer and an additional layer of a SnO2 layer 

(C-SnO2) which is converting from the precursor 

(SnCl2.2H2O), acts as compact layer to use for fabrication 

of high-performance PSCs. A C-SnO2 layer helps to im-

prove the bonding and interlayer recombination between 

ETL and absorber layer. We fabricated C-SnO2, G-SnO2, 

and C-SnO2/G-SnO2 based PSCs, with champion PCE of 

16.28%, 16.35%, and 18.20% respectively, with an active 

area of 0.04 cm2.       

 

1. Introduction 

In past ten years organic-inorganic hybrid perovskite so-

lar cells (PSCs) reached a higher power conversion efficiency 

(PCE) from 3.8%1 to more than 22%2. Due to high charge 

carrier mobilities and tunable band gaps.3 Basically, PSCs 

have two kind of device structure conventional (n-i-p)4 and 

inverted (p-i-n)5. Most commonly used electron transporting 

materials (ETMs) are titanium dioxide (TiO2)6 and tin (IV) 

oxide (SnO2)7; the hole transporting material is spiro-

OMeTAD8. 

In this work, we demonstrated a new approach to prepare 

the tin oxide (SnO2) nanoparticles with the help of the ball-

milling process to fabricate the planar PSCs with high-perfor-

mance. A newly way to prepare the SnO2 involves no rigor-

ous chemical synthesis, it is purely based on physical method. 

Later, to enhance the charge mobility in the device, we are 

reporting the combinational electron transporting layer. A 

compact SnO2 (C-SnO2) which is converting from the precur-

sor (SnCl2.2H2O), act as compact layer and newly ground 

SnO2 (G-SnO2) acts as mesoporous layer. The highest PCE 

achieved by the combinational ETL (C-SnO2/G-SnO2) is 18.2 

% with current density, voltage and fill-factor is 21.48 mA 

cm-2, 1.10 V and 77.04% respectively.       

2. Result and discussions 

   The schematically representation of controlling tin oxide 

(SnO2) particle size through physical method shown in Fig. 

1(a). In this high-energy wet-milling grinding method, a large 

clump of SnO2 undergoes through the physical process (with-

out any rigorous chemical synthesis), only by using zirconia 

beads and iso-propyl alcohol (IPA) solvent for the ground to 

achieve a suspension of SnO2 NPs. Previously our group re-

ported the same strategy to prepare the TiO2 NPs for bulk het-

erojunction9 as well as PSCs10. Photograph of without grind-

ing of SnO2 powder shown in inset of Fig. 1(a). To find out  

 

 
 

Fig. 1(a) Schematically representation of controlling SnO2 particle 

size through physical method, photograph of without grinding of 

SnO2 powder in inset of (a), (b) particle size with different grinding 

time in dynamic light scattering analysis, photograph of SnO2 solu-

tion after the grinding in inset of (b).  

 

 

Fig. 2(a) Bright-field TEM image of the ground SnO2 (G-

SnO2 NPs). (b) Schematic illustration of the device structure: 

glass/FTO/SnO2/Perovskite/spiro-OMeTAD/Au. 
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the actual particle size of ground SnO2 (G-SnO2) nanoparti-

cles (NPs), we performed the dynamic light scattering (DLS) 

measurement and found that G-SnO2 NPs particle size re-

duced each hour of grinding time, which is clear from the Fig. 

1(b). Inset of Fig. 1(b), photograph shows the evidence of 

SnO2 solution after the grinding of G-SnO2. Transmission 

electron microscopy (TEM) image of G-SnO2 NPs shown in 

the Fig. 2(a). It is clear from bright-field TEM image that the 

particle size of G-SnO2 NPs around 10 to 20 nm. The device 

architecture [glass/FTO/SnO2/Perovskite/spiro-OMeTAD/Au] 

for planar PSCs shown in the Fig. 2(b). J-V curve of the best 

performing perovskite based solar cell using different ETL 

[C-SnO2 or G-SnO2 (or C-SnO2/G-SnO2)] layer measured un-

der reverse voltage scans shown in Fig. 3. All the device per-

formance of the best cell of different ETL layer summarized 

in the table, which is shown in inset of Fig. 3. 

 

Fig. 3 J-V curve of the best performing perovskite based solar cell 

using different ETL [C-SnO2 or G-SnO2 (or C-SnO2/G-SnO2)] layer 

measured under reverse voltage scans.  

 

The morphology studies of G-SnO2 on the top of FTO and C-

SnO2 are revealing from scanning electron microscopy 

(SEM) images shown in the Fig. 4(a), and Fig. 4(b). It seems 

the FTO/C-SnO2/G-SnO2 have better surface coverage than 

the pristine G-SnO2, is the main reason for better performance 

for C-SnO2/G-SnO2 ETLs.  

 

Fig. 4 SEM surface morphology images of (a) FTO/G-SnO2, and (b) 

FTO/C-SnO2/G-SnO2.  

 

3. Conclusions 

   In conclusion, we have prepared the G-SnO2 NPs by a 

ball-milling method for planar PSCs. TEM and DLS revealed 

the average particle size of the G-SnO2 NPs ~ 10-20 nm. 

PSCs associated with two ETLs shows the best PCE is 18.2 %.   
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