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Abstract  

This study addresses the effects of atmospheric-pressure plasma on the properties of methylammonium lead 

halide perovskite thin films. Plasma-treated films then were used to fabricate an inverted p-i-n perovskite solar 

cell. The plasma treatment employed a large-area plasma of extremely high-volume power density, up to 

100 W/cm3, capable of generating diffuse, homogeneous and cool plasma (<70 °C) in ambient air, as well as 

in other technical-grade gases including nitrogen, argon, methane, hydrogen, carbon dioxide and pure water 

vapour. Although the temperature of the plasma remained very low, the population of energetic states proved 

sufficient to induce both physical and chemical changes on the surfaces of perovskite films. The results 

demonstrate that plasma treatment leads to perovskite films with homogeneous surfaces. Photoluminescence 

measurement revealed that plasma treatment enhanced the intensity of peaks, a property that may be 

attributed to improved crystallinity. Most importantly, plasma treatment of perovskite films improved the 

performance of the perovskite solar cells. 

Keywords: Low-temperature plasma, plasma treatment, DCSBD, methylammonium halide, perovskite solar  
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INTRODUCTION 

Evaluation of the performance of perovskite solar cells (PSCs) has been the focus of considerable attention 

for the past 10 years. The power conversion efficiency (PCE) of PCSs has now achieved figures of over 25 % 

[1]. Of all the perovskite materials, the halide perovskites, CH3NH3X3 (X=I, Cl, Br), have emerged as key 

materials in the fabrication of high-efficiency solar cells [2]. Despite excellent improvements in efficiency, poor 

stability of PSCs under ambient conditions remains a significant challenge. Several strategies have been 

suggested for improving both the performance and stability of PSCs [3,4]. For example, some investigators 

have concentrated on replacing charge transport layers with new materials, while others have turned to 

alternative strategies such as solvent engineering, designing new kinds of solar cell structure, etc. Among all 

such studies, surface modification of the perovskite layers has proven a promising and effective method of 

tailoring the surface properties of perovskite films. Surface modification techniques can control surface 

morphology in such a way as to obtain homogeneous and highly crystallized perovskite layers. The 

enhancement of the surface morphology is revealed as a vital and viable approach to the fabrication of highly 

efficient PSCs of considerable durability [5,6].  

Plasma modification of perovskite layers is emerging as a promising method for treatment of perovskite films. 

For instance, Chen et al. [7], reported that plasma treatment of methylammonium lead iodide led to an 

improvement in the PCE of a perovskite solar cell, from 10.32 % to 14.29 %. Tsai el al. [8] showed that plasma 

treatment of perovskite film enhanced the power conversion efficiency of a PSC by 7.18 %, to 9.84 %. In this 

contribution, methylammonium lead halides (CH3NH3I3-xClx) were subjected to nitrogen plasma treatment. The 
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plasma was generated by diffuse coplanar surface barrier discharge (DCSBD), details of which discussed by 

Černák et al [9]. DCSBD has recently been investigated in the treatment of perovskite films and other 

nanolayers, such as TiO2 and Al2O3 [10-12]. This study focuses on the effects of plasma treatment on the 

morphological properties of perovskite films. These films were spin-coated onto quartz glass and 

measurements taken before and after plasma treatment. Inverted p-i-n structure PSCs were chosen to assess 

the effects of the plasma treatment on their performance.  

1. EXPERIMENTAL  

Methylammonium lead halide perovskite precursor was purchased from Ossila (UK). In order to study the 

effect of plasma treatment on the properties of perovskite, the precursor was spin-coated onto quartz glass 

(1×1 cm2) and then annealed on a hotplate at a temperature of 80 °C for 2 hours. Plasma treatment of the 

perovskite films was carried out by exposure to DCSBD plasma (RPS40, Roplass s.r.o., Czech Republic) in a 

nitrogen glove-box. A range of plasma treatment times were tested: 1 s, 2 s, 4 s and 8 s; it was observed that 

plasma treatment for 2 s resulted in the most homogeneous surface and the best PCE. Plasma treatment for 

longer than 8 s led to deformation of the surface. Optimum treatment time was therefore considered to be 2 s. 

Steady-state photoluminescence (PL) spectra in the visible wavelength were recorded using a RM1000 system 

(Renishaw, UK). Scanning electron microscopy (MIRA3 Tescan, Czech Republic) was employed to evaluate 

the surface morphology of the perovskite samples. The performance of the PSC devices was evaluated by 

using a system of AAA-certified Abet Sun solar simulator with an air mass (AM) 1.5G filter that simulated light 

intensity, adjusted to 1000 W/m2 with an NREL-calibrated Si solar cell.  

2. RESULTS AND DISCUSSION 

The quality of perovskite films is one of the critical parameters affecting the efficiency of PSCs. Surface 

morphology and coverage may significantly influence the performance of the finished device [13]. Figure 1 

presents the morphology of perovskite films before and after plasma treatment. Untreated perovskite film 

exhibited a non-homogeneous surface, with pinholes that might be attributed to the evaporation of solvent 

during thermal annealing. Plasma treatment led to larger perovskite grains and the surface became more 

homogenous compared with the untreated perovskite film. In addition, the number of pinholes significantly 

decreased after plasma treatment.  

 

Figure 1 SEM images of perovskite films before and after plasma treatment 

Figure 2 provides a comparative demonstration of the steady-state photoluminescence spectra of perovskite 

films. The untreated sample displays lower emission intensity, implying non-radiative recombination of excitons 

[14]. Plasma treatment led to a significant increase in PL intensity, which could imply an improved crystallinity 

of the perovskite film. In previous work, the authors observed that plasma treatment expanded crystal size and 

enhanced the crystallinity of perovskite films [10]. On the other hand, the full-width half-maximum (FWHM) of 

the peak remains constant, indicating that more generated excitons led to a stronger radiative recombination 
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[15]. Since photoluminescence intensity 

indicates the ratio between radiative and 

non-radiative recombination, it may be 

concluded that increased radiative 

recombination and improved surface 

crystallinity with plasma treatment decreases 

non-radiative recombination. 

Figure 3 demonstrates the J-V 

characteristics of the PSC device with 

plasma-treated film in comparison with the 

reference device with untreated perovskite 

film. The relevant parameters are listed in 

Table 1. The device with untreated 

perovskite film exhibited VOC 721.57 V and 

JSC 19.87 mA/cm2, which resulted in an FF of 

42.36 % and PCE of 6.08 %. Plasma 

treatment of the perovskite film removed 

surface contamination, which led to better 

electrical conductivity and consequently Jsc 

should therefore have improved. However, 

and surprisingly, the short current density fell (Jsc 18.23 mA/cm2) after plasma treatment. However, plasma 

treatment of the perovskite film increased VOC to 795.12 V and FF to 53.16 %. The increase in VOC and FF 

which could be attributed to reduction of carrier recombination after plasma treatment, was observed from PL 

measurement (above). This may suggest that plasma treatment of the perovskite film led to a reduction in 

charge recombination at the interface between the perovskite layer and the PCBM. The compensation between 

decreased Jsc and increased VOC and FF resulted in an improved PCE of the PSC device from 6.08 % to 

7.76 %.  

 
Figure 3 J−V curves of fabricated perovskite devices 

Figure 2 Steady-state photoluminescence spectra of 

perovskite films 
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Table 1 Performance parameters of PSCs 
 

Jsc 

(mA/cm2) 

Voc 

(mV) 

FF 

(%) 

Ƞ 

(%) 

Untreated 19.87 721.57 42.36 6.08 

Plasma-treated 18.23 795.12 53.16 7.76 

3. CONCLUSION  

The effects of low-temperature plasma treatment on the surface properties of lead halide perovskite films were 

investigated. Perovskite films became more homogeneous with fewer pinholes in the surface after short 

plasma treatment. It was observed that plasma treatment increased the photoluminescence intensity of the 

perovskite films. Plasma treatment of the halide perovskite films is revealed as a promising post-treatment in 

the quest for high-efficiency perovskite solar cells. The results demonstrate that plasma treatment of the 

perovskite films led to improvement in the open-circuit voltage and fill factor of the PSCs, which could be 

attributed to improved charge transfer at the perovskite interface treated by plasma. The improved VOC and FF 

resulted in an improvement in the efficiency of the PSC from 6.08 % to 7.76 %. 
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