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 Abstract  
Herein, we investigated the effect of halogen X in methylammonium lead halide (MAPbX3) 

where X  = (Iodide / Bromide, or Chloride) deposited by spin coating technique on a zinc oxide 

layer. The ZnO films were first deposited on Fluorine-doped Tin Oxide (FTO) substrates. Then, 

the perovskite solutions (MAPbI3, MAPbBr3, and MAPbCl3) were deposited on the ZnO layer. 

The films obtained were characterized by X-ray diffraction (XRD), UV-Visible spectroscopy, 

and Scanning Electron Microscopy (SEM). The XRD analysis shows characteristic peaks of 

the ZnO/MAPbX3 heterojunction corresponding to the (100) and (200). The ZnO/MAPbBr3 

peaks are more intense than other sample peaks. This analysis also shows the crystalline 

character of the films produced. SEM images also show the good crystallinity of the films 

produced. The images show that the grain sizes of the sample ZnO/MAPbBr3 are the largest 

compared to others. The UV-visible characterization showed that the iodine-based sample 

absorbed better and had a good band gap (Eg = 1.95 eV). The degradation study was carried 

out after two weeks of the deposition. The results showed that the iodine-based sample 

degrades faster compared to another halogen. These findings are helpful in producing stable 

and efficient perovskite-based solar cells. 
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1- Introduction  
Recently, Photovoltaic energy has known lot of intention, the discovery of a new material that 

is a potential candidate for the development of solar cells. Indeed, the first material used as 

absorber layer for solar cells was silicon, and later came Copper Indium Gallium Sulfur 

(GIGS), organic cells CdTe which are of the second generation [1-3]. The third and most recent 

generation is perovskite solar cells which has been show a better conversion and efficiency 

compared to others generations of solar cells. The general structure of perovskite is ABX3 

where A and B are cations and X is an anion. The cation A can be organic the 

Methylammonium ion (MA+), the Formamidinium ion (FA+), or inorganic as the cesium (Cs). 

The cation B = lead (𝑃𝑃𝑃𝑃2+) or tin (𝑆𝑆𝑆𝑆2+) and the anion X = Iodide 𝐼𝐼−, Bromide 𝐵𝐵𝐵𝐵−, or Chloride 

𝐶𝐶𝐶𝐶−. The Methylammonium Lead halide (MAPbX3) investigated due to its higher power 

conversion efficiency, good optoelectronic properties, good absorption of light in UV-Visible 

and low cost [3-5].  

This study will allow knowing the advantages and disadvantages of these three materials 

(MAPbI3, MAPbBr3, MAPbCl3) deposited on zinc oxide (ZnO). Zinc oxide is a transparent 

material conductor with a large direct bandgap of 3.3 eV [6]. The ZnO film is an n-type that 

can be used as electron transport in solar cells and as catalytic and piezoelectric catalysis [7,8]. 

The manufacture of a solar cell can be achieved with Several techniques that can be used to 

produce the different layers, including the printing method, such as [7], inkjet [8], spray, dip-

coating, spin-coating [9], etc. the spin-coating technique has been used in this investigation 

Due to its ease of use and low cost. 

This work aims to study the effect of halogen X on the MAPbX3 perovskite films where X can 

be iodine, bromide, or chloride on crystalline structure, surface morphology, and optical 

properties deposited by spin coating technique on the ZnO film. Further, the stability of the 

homojunction MAPbX3/ZnO/FTO was investigated under dark conditions with 50% of 

humidity. 

2- Experimental part 

2.1- Films preparation  
The different solutions were prepared using the appropriate precursors. The ZnO solution of 

concentration 0.5 M was prepared by dissolving zinc acetate [Zn(CH3COO)2, 2H2O] in ethanol. 

Three solutions of perovskite (MAPbX3, X = I, Br, Cl) were also prepared. The lead halide 

(PbX2), and methylammonium halide (MAX) were used to prepare the solution. The precursors 
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based-iodide was dissolved in N, N-dimethylformamide (DMF), and the precursors based-

bromide and based-chloride were dissolved in dimethylsulfoxide (DMSO). The prepared zinc 

oxide solution was deposited by spin coating at a speed of 5000 rpm for 30 s on FTO glass 

substrates. The prepared ZnO films were annealed at 450º and then characterized.  These films 

were reused for the deposition of perovskite solutions by the same method and under the same 

conditions. For perovskite deposits, we drop the Antisolvent diethyl ether a few seconds after 

the speed starts. The addition of Antisolvent diethyl ether will promote the solvent’s 

vaporization, allowing the samples' good morphology and crystallinity. 

2.2- Characterization of samples 
The ZnO/MAPbX3 heterojunction and the ZnO filmhave been characterized. The absorption 

and transmittance of samples were measured in the wavelength range of 300-900 nm with an 

Ocean Optic HR4000 spectrometer. The samples were characterized by X-ray diffraction using 

the device RIGAKU Ultima IV diffractometer. The device Scanning Field Emission Electron 

Microscope (FESEM) was used to examine the surface morphology under voltage conditions 

of 1.5 kV. 

3- Results and discussions 

3.1- X-ray diffraction analysis 
The ZnO/MAPbX3 heterojunction and the ZnO film were characterized by X-ray diffraction. 

The results are depicted in figure 1 below. Figure 1a shows two diffraction peaks of the ZnO 

thin film located at 2θ = 33.57º and 2θ = 37.61º, corresponding respectively to the (002) and 

(101) planes of the hexagonal wurtzite structure (JCPDS Card Nº00-036-1451). From these 

XRD patterns, we can confirm that the ZnO thin films are polycrystalline. Moreover, figure 1a 

shows two diffraction peaks of the ZnO/MAPbX3 heterojunction corresponding to the (100) 

and (200) for the crystallographic plane. These peaks are matching with what is reportedin the 

literature [10]. ZnO/MAPbBr3 peaks are more intense and located at 2θ = 14.96º and 2θ = 

30.13º, respectively, for the (002) and (101) planes. ZnO/MAPbI3 peaks are located at 2θ = 

12.66º and 2θ = 28.3º respectively for the (002) and (101) planes and those of ZnO/MAPbCl3 

located at 2θ = 11.05º and 2θ = 32.23º respectively. The intense peaks with excellent resolutions 

of the bromine-based films show that these films are single-phase. The chlorine-based sample 

releases its first peak before those of the other films and its second peak after the second peak 

of the other two films. The peaks of the iodine-based films come out just before those of the 
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bromine-based films. Also, note the presence of ZnO peaks at the heterojunctions which shows 

that the ZnO/MAPbX3 are indeed made of the two materials (zinc oxide and perovskite). 

The curves of the maximum width at half maximum (FWHM) of the film products and for the 

crystallographic planes (100) and (200) are represented in figure 1b. 

 
Figure 1: a) XRD patterns of ZnO/MAPbX3 heterojunction, b) FWHM of ZnO /MAPbX3 

samples 

Crystal lattice effective strain was determined to know the grains defects and strains in the thin 

films. Effective deformation of the network is determined using equation (1) below [11,12]. 

βcos(θ) = 
𝜆𝜆𝜆𝜆
𝐷𝐷

 + 4ɛsin(θ) 
(1) 

Where β: FWHM; k =0.94; θ: Bragg angle; D: the grain size, and λ = 0.1540 nm: the 

wavelength of the X-ray. 

Equation (2) was used to calculate the lattice dislocation density [13]: 

δ = 
1
𝐷𝐷2

 (2) 

The results of the different parameters calculated are summarized in table 1 below. Grains size 

D were given by XRD results. 
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Table 1:The XRD parameters of XRD spectra of ZnO and ZnO/MAPbX3 films 

Table 1 shows that the grain sizes varyfrom 330 nm to 747 nm. The bromine-based sample has 

the largest grain size of 747 nm and the chlorine based-sample has the smallest grain size. The 

small values of the effective lattice from 0.159 to 0.382 of samples are explained by fewer 

deficiencies and distortions of the grains. Moreover, the samples ZnO and ZnO/MAPbI3 which 

have the smallest lattice grain values show fewer grain defects and distortions than the other 

samples. 

3.2- UV-Visible analysis 
The absorption spectra of samples are illustrated in figure 2a in the range of 300 nm and 900 

nm. The ZnO/MAPbI3 sample has a higher absorption coefficient than the other samples. The 

absorption of the ZnO/MAPbCl3 and ZnO/MAPbBr3 heterojunction samples is around 0.25, 

the ZnO is less than 0.2. This difference in absorption coefficient would be explained by the 

light or dark shade of the different materials films and if it is film or heterojunction [14]. Indeed, 

the black color absorbs the most, and the sample iodine-based has a color that tends the most 

to black than the others will therefore absorb the most. The transmittance of the samples in 

figure 2b evolves well, contrary to the absorption. The single films have the highest 

transmittance of the order of 80 %. The band gaps, shown in figures 2c and 2d, were determined 

from the absorption data. Figure 2c shows the band gap of ZnO, which is 3.25 eV, close to that 

found in the literature (3.3 eV) [15]. The band gaps of the films depicted in figure 2d ranged 

from 1.95 eV for ZnO/MAPbI3 to 2.7 eV for ZnO/MAPbCl3. The band gaps found are 

summarized in table 2 below. We used the Tauc equation to calculate the optical band gap Eg 

[16]. 

Samples ID Grains size D (nm) Dislocation density δ (nm-2) Lattice  strain ɛ 

ZnO 401 6.22x10-6 0.173 

ZnO/MAPbI3 412 5.89x10-6 0.382 

ZnO/MAPbI2Br 490 
  

ZnO/MAPbI2Cl 551 
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(αhν)2 =  β (hν − Eg)     (3) 

In this equation, β is a constant independent of the energy hν and α is the absorption coefficient.  

We constructed the function (αhν)2 as a function of the energy hν to determine the bandgap 

by extrapolation. 

The band gap of samples varies from 1.95 to 3.25 and is summarized in table 2 below. 

Table 2: 

Band gaps of  ZnO and ZnO/MAPbX3 films samples calculated from UV-Visible 

Samples ID Wavelength (nm) Eg (eV) 

ZnO 381 3.25 

ZnO/MAPbI3 635 1.95 

ZnO/MAPbBr3 563 2.2 

ZnO/MAPbCl3 459 2.7 
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Figure 2:  a) Absorption of ZnO and ZnO/MAPbX3 films; b) transmittance of samples ZnO 

and ZnO/MAPbX3 films; c-d) band gap of ZnO and ZnO/MAPbX3 films  

3.3- SEM analysis 
SEM images of ZnO/MAPbX3  where can X= I/ Br or Cl samples are shown in figure 3 . These 

images clearly show the crystalline character of the perovskite films and ZnO film produced, 

which is in good agreement with the X-ray diffraction results. Moreover, the images show that 

the grain size of the sample ZnO/MAPbBr3 (figure 3c) is the largest of the grain sizes this had 

been shown previously by XRD data and This phenomenon is mainly due to the fact that the 

particles observed by SEM are composed of many grains. We can also see that a good 

distribution of the perovskite on the ZnO grains [17,18].  
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Figure 3: SEM images of a) ZnO; b) ZnO/MAPbI3; c) ZnO/MAPbBr3; d) ZnO/MAPbCl3 

4- Degradation study 
The degradation mechanism of ZnO/MAPbI3 , ZnO/MAPbBr and  ZnO/MAPbCl3 samples is 

studied by XRD, SEM, and UV- Visible analysis . Figure 4 shows the photographs of the fresh 

and aged films. Oxygen and humidity are environmental factors that significantly affect the 

stability of perovskite-based solar cells [19].  

MAPbX3    ---------------- MAX+ PbX2                          (4) 
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Figure 4: Process of degradation and photographs of fresh and aged ZnO/MAPbX3 films after 

two weeks 

Figure 5 below shows XRD patterns of fresh and aged methylammonium lead halide after two 

weeks under darks conditions. Results show that the intensities of the peaks of the 

ZnO/MAPbI3 sample decreased significantly after two weeks compared to the other two 

samples:  ZnO/MAPbCl3 and ZnO/MAPbBr3. Thus, X-ray analysis shows that the iodine-based 

sample is the least stable. The degradation is perceptible at the level of the perovskite layer 

which is very sensitive to humidity. The peaks of the ZnO layer do not experience a large 

change. zinc oxide is a much more stable material. 

 
Figure 5: XRD patterns of fresh and aged methylammonium lead halide after two weeks: a) 

ZnO and ZnO/MAPbI3, b) ZnO and ZnO/MAPbBr3, c) ZnO and ZnO/MAPbCl3 
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The Absorption spectra of fresh and aged samples after two weeks are depicted in figure 6. 

Figure 6a (ZnO/MAPbI3) shows a significant decrease in the absorption coefficient compared 

to the other two samples which match with the XRD results reported. Sample ZnO/MAPbI3 

deteriorated much more than the other two. These results are in good agreement with the 

photographs in figure 4 as well as with the X-ray diffraction analysis. 

 
Figure 6: Absorption spectra of fresh and aged methylammonium lead halide after two weeks: 

a) ZnO and ZnO/MAPbI3, b) ZnO and ZnO/MAPbBr3, c) ZnO and ZnO/MAPbCl3 

The SEM images of the ZnO/MAPbI3, ZnO and ZnO/MAPbBr3 and ZnO/MAPbCl3 samples 

were illustrated and are shown in figure 7. The different layers of perovskite experienced have 

been degraded during these two weeks. This degradation is due to the presence of water 

molecules. These water molecules lead to the decomposition of the MAPbX3 perovskite into 

MAX and PbX2. The degradation is clear in the SEM images (Figure 7) and even in the photos 

of the samples (Figure 4). The photographs of the samples show a color change due to their 

degradation. The SEM images confirm the degradation through the observed surface defects 

and holes. Among the different samples, the iodine-based sample is the most degraded, which 

agrees with the previous results by the absorption spectra and the XRD. 

 

Figure 7: SEM images of degraded surfaces of different samples after two weeks: a) 

ZnO/MAPbI3, b) ZnO/MAPbBr3, c) ZnO/MAPbCl3 
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 Conclusion 
This work investigated the influence of halogen X in methylammonium lead halide (MAPbX3) 

examined by UV-visible, XRD, and SEM characterizations. Subsequently, the stability of the 

different samples was studied. This work reveals that the effect of halogen X is noticeable in 

MAPbX3. The UV-visible characterization showed that the iodine-based sample absorbed the 

best and had a smaller band gap. XRD analysis shows two diffraction peaks of the 

ZnO/MAPbX3 heterojunction corresponding to the (100) and (200) for the crystallographic 

plane. ZnO/MAPbBr3 peaks are more intense than other sample peaks. This analysis also shows 

the crystalline character of the films produced, which is in good agreement with the SEM 

images. Both analyses (XRD and SEM) showed that the grain sizes of the sample 

ZnO/MAPbBr3 are large. The degradation study showed that the iodine-based sample degrades 

faster. 
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