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In this paper, thin layers of ZnO were deposited onto fluorine-doped tin
oxide (FTQO) substrates. Subsequently, different layers of perovskite

Final Accepted: 19 May 2023 (MAPbX,, X = I, Br, Cl) were spin-coated onto these ZnO layers. The
Published: June 2023 resulting layers were characterized using X-ray diffraction (XRD),
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ZnO/MAPbX., Optical Properties, Spin Special attention was given to the surface topography, the
Coating, Surface Topography, crystallinityand optoelectronic properties.XRD analysis of all the thin
Crystallinity layers showed two diffraction peaks for the ZnO/MAPbX;

heterojunction corresponding to the crystallographic planes (100) and
(200). The ZnO/MAPbBTr; peaks were more intense than the peaks
from the ZnO/MAPbI; and ZnO/MAPDCI; samples. SEM images
showed the crystalline nature of the produced thin layers. The grain
size of the ZnO/MAPDBr; sample was approximately 747.00 nm, while
those of the ZnO/MAPbI; and ZnO/MAPCI; samples were 412.00 nm
and 330.55 nm, respectively. UV-visible characterization demonstrated
that the iodine-based sample had the highest solar radiation absorption
and had the smallest bandgap, with Eg = 1.95 eV.
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Introduction:-

In the field of photovoltaics, the first materials used were silicon, followed by Copper Indium Gallium Sulfur
(CIGS) and CdTe organic cells, which belong to the second generation [1-3]. However, in recent years, the
photovoltaic energy domain has witnessed the discovery of a new potential material for its development, known as
the third generation—perovskite. Perovskites have the formula ABX; (where A = MA, FA, Cs; B = Pb, In, Sn; and
X = Br, CI, 1), and this structure is highly versatile. Thin films of methylammonium lead halides (MaPbX3) have
emerged as promising materials in the field of photovoltaics. Their advent has sparked considerable interest due to
their exceptional optoelectronic properties. These properties arise from the perovskite crystal structure, where
organic cations such as methylammonium (MA") are combined with lead (Pb?*) and halide (X) ions. This
composition allows for efficient light absorption and charge carrier generation, thereby improving performance.
Several methods are used to synthesize thin perovskite films, including vacuum deposition [4], solution-assisted
vapor treatment [5], atomic layer deposition [6], one- and two-step solution processing [7,8], and spin coating [9].
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Solution-based spin coating has become a versatile and scalable technique for depositing thin MaPbX; films,
making them suitable for large-scale production. These deposition methods are rapid, simple, and cost-effective.
Perovskites are therefore versatile semiconductors that combine high performance, low cost, and low-temperature
processing capability for various applications such as photovoltaics and light emission. They have gained popularity
due to these advantages [10-14], making them attractive. One of the key advantages of MaPbXj; thin films is their
tunable bandgap, allowing them to absorb a broad range of solar radiation, including visible and near-infrared light.
This feature enables efficient utilization of the solar spectrum, leading to high photocurrent generation. Moreover,
MaPbX; materials exhibit long charge carrier diffusion lengths, minimizing carrier recombination losses and
improving charge collection efficiency.Despite their promising attributes, successful implementation of MaPbX;
thin films in photovoltaic devices faces several challenges. These include stability issues, such as sensitivity to
moisture and degradation upon prolonged exposure to light and heat. Extensive research efforts are focused on
improving the stability and long-term performance of MaPbX; thin films to ensure their practical applicability under
real conditions. Another point of interest would be analyzing surface topography, the crystallinity and determining
their influence on the optoelectronic properties of these films. In this context, this comparative analysis aims to
study the influence of surface topography and the crystallinity on the optoelectronic properties of thin films
comprising various lead halide and methylammonium combinations, synthesized using the spin coating method. By
examining the morphology, the crystallinity and optoelectronic characteristics of these films, we can better
understand their suitability for photovoltaic applications and identify potential avenues for improvement. This study
will provide insights into the advantages and disadvantages of these three materials (MAPbIls, MAPbBrs, MAPHCI5)
deposited on zinc oxide (ZnO). It should be noted that zinc oxide is a transparent conductive material with a wide
direct bandgap of 3.3 eV [15]. This n-type oxide facilitates electron transport in the solar cell. VVarious deposition
methods, including printing [16], inkjet [17], spray, dip-coating, spin-coating [18], are used to deposit the layers.
Overall, the exploration of MaPbX3 thin films in the field of photovoltaics holds great promise for achieving
efficient, cost-effective, and scalable solar energy conversion. Comparative analysis of surface topography and
optoelectronic properties of these thin films can contribute to the development of enhanced materials and the
advancement of next-generation solar cell technologies.

Experimental procedure

The 0.5 M zinc oxide (ZnQO) solution was prepared by dissolving zinc acetate [Zn(CH3COO),, 2H,0] in ethanol.
This prepared solution was spin-coated onto FTO glass substrates at a speed of 5000 rpm for 30 s. The resulting thin
ZnO films were annealed at 450°C and subsequently characterized. Prior to deposition, the FTO substrates were
cleaned using deionized soapy water and placed in an ultrasonic bath for 5 minutes. Afterwards, the substrates were
thoroughly rinsed with deionized water and different solvents in the following sequence: acetone and 2-propanol,
each heated in an ultrasonic bath for 5 minutes. The ZnO thin films were then used for the deposition of perovskite
layers using the same procedure and conditions.

For the deposition of the perovskite layers, three perovskite solutions (MAPbX3, X = 1, Br, CI) were also prepared.
Lead halide precursors (PbX,) and methylammonium halide (MAX) were used to prepare the solution. lodide-based
precursors were dissolved in N,N-dimethylformamide (DMF), while bromide and chloride-based precursors were
dissolved in dimethyl sulfoxide (DMSO). For the perovskite depositions, a few drops of ether were added only a few
seconds after the rotation started. The added ether facilitated solvent evaporation, resulting in good morphology and
crystallinity of the samples. The prepared films were characterized. The absorption and transmission of the samples
were measured in the wavelength range of 300 to 900 nm using an Ocean Optic HR4000 spectrometer. The samples
were characterized by X-ray diffraction using the RIGAKU Ultima IV diffractometer. The Scanning Field Emission
Electron Microscope (FESEM) instrument was used to examine the surface morphology under a voltage of 1.5 kV.

Results and Discussion:-

The ZnO/MAPDbX; heterojunction and the ZnO layer were characterized using X-ray diffraction (XRD), and the
results are shown in Figure la. In this figure, two diffraction peaks from the ZnO layer were observed at 20 = 33.57°
and 20 = 37.61°, corresponding to the (002) and (101) planes of the hexagonal wurtzite structure (JCPDS Card No.
00-036-1451). From these XRD patterns, we can confirm that the ZnO thin films are polycrystalline. Figure la
shows two diffraction peaks from the ZnO/MAPbX; heterojunction, corresponding to the (100) and (200)
crystallographic planes. These peaks align well with those reported in the literature [19]. The ZnO/MAPDI; peaks
were observed at 20 = 12.66° and 20 = 28.3° for the (002) and (101) planes, respectively, while those of
ZnO/MAPDBCI; were located at 20 = 11.05° and 20 = 32.23°, respectively.The ZnO/MAPbBr; peaks were more
intense and situated at 20 = 14.96° and 20 = 30.13° for the (002) and (101) planes, respectively. The height of peaks
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in an X-ray diffraction spectrum is generally proportional to the X-ray scattering intensity from the crystalline
planes of the material. Greater scattering intensity occurs when the crystalline planes are well-aligned and present
over a larger distance, indicating higher regularity and structural order in the material, which corresponds to higher
crystallinity. Therefore, higher crystallinity often results in more intense peaks in an X-ray diffraction spectrum.
Consequently, the height of peaks can serve as an approximate indicator of the crystallinity of a material. Based on
this analysis, we can conclude that the ZnO/MAPbBr; thin films exhibit good crystallinity compared to the
ZnO/MAPbI; and ZnO/MAPKCI; thin films. However, it is important to note that other factors such as crystal size,
the presence of defects, or impurities can also influence the observed peak heights.
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Figure 1:- a) XRD patterns of ZnO , ZnO/MAPbI;, ZnO/MAPHBr3 and ZnO/MAPLCI;
b) FWHM of samples products and for the crystallographic planes (100) and (200).

Crystal lattice effective strain was determined in order to know the grains defects and strains in the thin films using
equation (1) [20,21].

Beos(B) == + 4esin(0) (1)

Where B : FWHM; k =0.94;

0 : Bragg angle;

D : grain size, and

A =0.1540 nm: the wavelength of the X-ray.

The curves of the maximum width at half maximum (FWHM) of the films products and for the crystallographic
planes (100) and (200) are represented in figure 1b.

The equation (2) was used to calculate the lattice dislocation density [22]:

1
8= @)
Grains size D were given by XRD results.

Results of different parameters calculated are summarized in Table 1 . The bromine-based sample has the largest
grain size of 747 nm. In general, when the grains are larger, there are fewer grain boundaries and defects in the
material, which improves structural order and a more continuous crystal lattice. This leads to improved crystallinity
and better overall thin film quality. These results confirm the good crystallinity of the samples ZnO/MAPbBF .

Table 1:- Parameters of XRD spectra of ZnO and ZnO/MAPbX3 films.

Samples ID Grains size D (nm) Dislocation density & (nm™) Lattice strain €
ZnO 401 6.22x10° 0.173
ZnO/MAPDI; 412 5.89x10™ 0.382
ZnO/MAPDBr; 747 1.79x10° 0.159
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ZnO/MAPbCI, | 330.55 | 9.15x10° | 0.245

Figure 2 illustrates the absorption spectra of the different samples: ZnO/MAPbI;, ZnO/MAPbBr3, ZnO/MAPKCI;,
and ZnO. The ZnO/MAPDI; sample exhibits the highest absorption coefficient, approaching 1.5. This implies that it
absorbs a significant amount of light across the entire measured wavelength range (300 nm to 900 nm). The
absorption coefficients of the ZnO/MAPDbBr; and ZnO/MAPbCI; samples range between 0.5 and 1, indicating
moderate light absorption. Conversely, the absorption coefficient of the ZnO sample is less than 0.5 suggesting
relatively weak light absorption. The discrepancy in the absorption coefficients can be attributed to the light or dark
coloring of the different thin layers.in absorption coefficients can be attributed to the lightness or darkness of the
different thin layers. In general, darker colors tend to have higher absorption coefficients, as they absorb more light.
The ZnO/MAPDI; sample, which is iodine-based, tends to have a darker shade compared to the other samples, thus
explaining its elevated absorption coefficient. Another factor contributing to the higher absorption of the
ZnO/MAPbDI; sample is its grain size. The grain size of ZnO/MAPDI; is measured to be 412 nm, while
ZnO/MAPDBTr; has a larger grain size of 747 nm. Smaller grains promote multiple scattering of incident wave
energy. When waves encounter numerous small grains, they interact with a greater amount of material, resulting in
increased absorption. Consequently, despite ZnO/MAPbBTr; having superior crystallinity compared to ZnO/MAPbDI 3,
its absorption is lower
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Figure 2:- UV-vis absorption spectra of ZnO,ZnO/MAPbI; ZnO/MAPbBr; and ZnO/MAPHCI;

The passage explains the transmittance characteristics of the samples shown in Figure 3. Transmittance refers to the
ability of a material to allow light to pass through it without significant absorption. According to the passage, the
ZnO thin layers exhibit the highest transmittance among the samples, reaching approximately 80%. This means that
around 80% of the incident light in the measured wavelength range is transmitted through the ZnO thin layers
without being absorbed significantly. In other words, the ZnO thin layers allow a large portion of light to pass
through them. On the other hand, the transmittance of the other samples (ZnO/MAPbI;, ZnO/MAPbBTr;, and
ZnO/MAPDBCI,) is lower, measuring below 60%. This suggests that these samples absorb a larger fraction of the
incident light compared to the ZnO thin layers. As a result, less light is transmitted through these samples, resulting
in lower transmittance values. The inverse relationship between transmittance and absorption is observed, as
mentioned in previous passage. While the ZnO thin layers have high transmittance and low absorption, the other
samples have lower transmittance and higher absorption coefficients, as described in the previous discussion.
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Figure 3:- Transmittance of ZnO,ZnO/MAPbI3,ZnO/MAPbBrs;and ZnO/MAPDBCI;

The band gaps, represented in Figure 4, were determined based on the absorption data. The Tauc equation is used to
calculate these values [23].

(ahv)? = B (hv — Eg) (€©)

In this equation, B is a constant independent of the energy hv and a is the absorption coefficient. The bandgap values
of the samples are summarized in Table 2 . The band gap of ZnO is equal to 3.25 eV,which closely matches the
value reported in the literature (3.3 eV) [24]. The band gaps of heterojunction thin films range from 1.95 eV to 2.7

eV.
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Figure 4:- Band gap of ZnO,ZnO/MAPbI3,ZnO/MAPbBrs;and ZnO/MAPLCI;

Table 2:- Band gaps of different samples.

Samples ID Wavelength (nm) Eg (eV)
ZnO 381 3.25
ZnO/MAPbDI; 635 1.95
ZnO/MAPDBI; 563 2.2
ZnO/MAPKCI; 459 2.7
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Scanning electron microscopy (SEM) images of the samples are shown in Figure 5. These images provide visual
evidence of the crystalline nature of the elaborate thin films, which agrees well with results obtained from
diffraction analysis of the x-rays. They highlight certain characteristics of the samples.All samples MAPbX; show
a cauliflower like morphology with aggregates and adherent to the substrate. The deposited films seem to be
rough and their structure is less uniform In particular, for the ZnO/MAPDBr3; sample, the SEM image reveals that
it has the largest grain size among the samples. This observation is consistent with grain size information obtained
from X-ray diffraction (XRD) data, indicating consistency between the two characterization techniques. SEM
images demonstrate also good distribution of perovskite material on the grain surface of ZnO. This implies that
the perovskite layer is well dispersed and covers the ZnO grains, although the grains themselves may not be
clearly visiblein SEM images.

ZnO/MAPbDI;

ZnO/MAPbBr; c)ll ZnO/MAPDLCI,

Figure 5:- SEM images of ZnO,ZnO/MAPbls,ZnO/MAPbBr;and ZnO/MAPOCI;

Conclusion:-

Thin layers of ZnO were deposited onto fluorine-doped tin oxide (FTO) substrates, followed by the deposition of
distinct layers of MaPhXs. X-ray diffraction (XRD) analysis of all the thin films revealed two diffraction peaks
corresponding to the crystallographic planes (100) and (200) of the ZnO/MAPbX; heterojunction. All samples
exhibited excellent crystal structure. The ZnO/MAPDbBr3; heterojunction displayed the most prominent diffraction
peaks. The optoelectronic properties varied depending on the specific type of perovskite utilized. UV-visible
characterization demonstrated that the iodine-based sample exhibited superior solar radiation absorption, with an
absorption coefficient approaching 1.5. It also had the smallest band gap (Eg = 1.95 eV). The chlorine-based sample
(MAPDBCI3) exhibited smaller grain sizes measuring 330.55 nm. Scanning electron microscopy (SEM) images
confirmed the effective distribution of the perovskite material on the ZnO-coated substrates.
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