




Solvent evaporation-assisted crystal growth of perovskite to achieve high 

performance organic-inorganic hybrid solar cells 

Perovskite-based organic-inorganic hybrid solar cells have recently received great attention 

from both academia and industry. Methylammonium lead iodide (MAPbI3) for perovskite 

solar cells is one of the most-commonly used compounds as a photon absorber. In this study, 

we have demonstrated a novel method for formation of perovskite film on the PEDOT:PSS 

coated substrate using DMSO as a processing solvent, where the film is formed via the 

solvent evaporation-assisted crystal growth. When the MAPbI3 film is fabricated by the 

method using DMSO as a solvent, the film exhibits a flower-like morphology with good 

coverage and the crystals in the film are highly oriented along the (112) direction. As a result, 

the pervoskite solar cell fabricated from DMSO solution exhibits a PCE of 9.29% with a JSC

of 16.13 mA/cm2 while the cell fabricated from the conventional DMF solution shows a PCE 

of 4.52% with a JSC of 9.51 mA/cm2.
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A: Metal cation (Ca2+) 
B: Metal cation (Ti4+) 
X: Anion (O2-) 

Methylammonium lead triiodide (CH3NH3PbI3) 
is the most popular material 

Science 2013, 342, 341.

Energy Environ. Sci. 2014, 7, 982.

VOC (V) JSC (mA cm 2) FF (%) PCE (%) Cal. JSC (mA cm 2) 
DMF 0.29 5.68 32.0 0.53 5.73 

DMSO 0.82 17.80 82.8 12.08 17.94 

<March-Dollase coefficient PMD> 

March-Dollase coefficient 
DMF 0.572, (110) direction 

DMSO 0.071, (112) direction 
Physica C 1997, 277, 82.

Range from 0 to 1 
PMD=0: 100% preferentially oriented 
crystallites 
PMD=1: completely random orientation of its 
crystallites 

<Device configuration> 

width: 5 m width: 5 m

Film thickness: 140.6 nm (DMF), 146.2 nm (DMSO) 

• DMF solution: crystallization during the spin-coating process  
• DMSO solution: crystallization during the thermal treatment 

• DMF: poor film coverage • DMSO solution: good film coverage 

• DMSO: highly oriented perovskite film, higher crystallinity than films from DMF 

Film thickness: 140.6 nm (DMF), 146.2 nm (DMSO) 

Objectives 

Nanoscale 2014, 6, 6679.

N,N-dimethylformamide (DMF)
-butyrolactone (GBL)

Nature Mater. 2014, 13, 897.

High open-circuit voltage (VOC) with wide 
optical band gap (Eg) 

J. Phys. Chem. Lett. 2013, 4, 3623.

Solvent engineering 

Good absorption coefficients 

Open-circuit voltage (VOC) versus optical band gap (Eg) for 
the best-in-class solar cells 

Absorption coefficients 

Nature Photon. 2014, 8, 506.

Dimethyl sulfoxide (DMSO)


