Structural quality of CH3NH3PbI3 perovskites for photovoltaic applications
analyzed by electron microscopy techniques
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Hybrid Halide Perovskites (HPVK) are novel materials that have attracted attention in the last few years as
promising materials in the photovoltaic field,[1, 2] as efficiencies higher than 20% have been reported[3].The
HPVK can have different compositions, which allows the control of lattice parameters[4] and bandgap values in
the visible to near infrared region[5]. In particular, CH,NH,PbI, presents optimal electronic and optical
properties such as direct optical band gap of 1.55 eV or long electron/hole diffusion length (100 nm)[6].

In this communication, we have analysed the structural quality of two CH,NH,Pbl;samples by electron
microscopy techniques. The samples have been grown using spin coating solution processing method. The
details of the process can be found in[7]. The structure of the samples consists of a substrate of SiO, (2um), a
TiO, layer (40 nm), an active layer of HPVK and a poly-methyl methacrylate (PMMA) capping layer (1pm) in
order to protect the sample from oxidation. The two samples studied (S500 and S100) have different HPVK
thicknesses, 500 and 100 nm respectively, obtained by changing the speed in the spin-coating process [7]. The
first analyses have been carried out by high-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM), which is sensitive to the atomic number of the atoms in the material. Fig. 1 a shows a
HAADF-STEM image of the first sample, where the different layers of the structure can be observed. These
layers have been studied by energy dispersive X-ray analysis (EDX) as exhibited in Fig. 1 b, and the layers
sequence (SiO,, TiO, and HPVK) has been confirmed. Thus, spectrum 3 in Fig. 1 b shows the presence of Pb and
I, indicating that this layer corresponds to the HPVK, despite it shows a reduced size due to the ion
bombardment during the sample preparation process for TEM. Electron diffraction patterns have been taken
from the HPVK layer and, surprisingly, some areas have shown to be polycrystalline but others are amorphous.
Previous analysis of the functional properties of these samples suggests that they are crystalline. Sample
preparation to obtain the electron transparent specimen may cause a detrimental effect in the HPVK layer,
producing the amorphization of a material. Because of this, the procedure of sample preparation is being
optimized in order to analyse in detail the structural properties of this material.
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Fig. 1 a) HAADF-STEM image of the structure with the CH3NH3PbI3 perovskite layer of S500; b) EDX spectra
taken from the zones marked as 1, 2 and 3 in the HAADF-STEM image in a).

605





