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Abstract―The influence of the composition of silicate glass
substrates on the properties of MAPI (CH3NH3PbI3) films with a 1:1:1
% mol ratio of MAI:PbI2:DMSO, deposited by Spin-Coating at 4000
rpm for 30 seconds, was studied. X-ray diffraction suggested the
presence of the tetragonal phase and a secondary PbI2 phase. By SEM
and AFM grain sizes between 100 and 250 nm with an average
roughness between 6-15 nm were observed. Different degrees of
compaction and porosity between grains were also observed in the
films, depending on the substrate used.
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1.

Introduction

In recent years, a highly studied material that seeks to scale
from the laboratory to the photovoltaic market is the hybrid
organic-inorganic metal-halide perovskite, such as the
methylammonium lead-iodide perovskite, CH3NH3PbI3 (or
simply MAPI) [1-4], since efficiencies have increased from 3.8
to 25.5% from 2009 to the present day [5-6]. Nevertheless, it is
worthy to mention that the actual efficiency record belongs to a
perovskite solar cell that possesses the formanidinium leadiodide perovskite as the absorber. Moreover, these materials
can tune their bandgap by placing more than one chemical
species in either of the places of the perovskite structure (A, B,
or X) identified by their chemical formula ABX3 (A = Cs+,
CH3NH3+ (MA), or HC(NH2)2+(FA); B = Sn2+ or Pb2+; X = Cl-,
Br-, I-). The latter fact has broadened their applicability since
they have been used as absorbers of sunlight and transmitters of
charge carriers, due to their ambipolar charge transport
properties, high charge carrier mobility, and long carrier
diffusion length [7-8]. Besides, they have a direct bandgap in
the range of 1.25-2.48 eV depending on their composition [910]. However, there are still several fundamental issues that
need to be addressed for their commercialization, including the
type and quality of the substrate and on which they are
deposited [11-12].
In our previous studies, we found that the presence of alkali
metal oxides leads to corrosion of the glass surface in water
vapor accompanied by the ionic exchange between sodium ions
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in the glass and protons from the adsorbed layer. Since
perovskites are characterized by ionic conductivity, in this work
we paid special attention to the formation of film-glass
interfaces concerning the diffusion from the glass into the film
of mobile ions.
In this study, we compared MAPI films deposited by SpinCoating on different borosilicate glass substrates: Corning
Eagle 2000, 7740, 1737F, and BK7 from Schott. It is
hypothesized that the difference in the elemental composition
of each substrate will influence the quality and characteristics
of the deposited film, thus allowing better reproducibility [1315]. By SEM, XRD, SIMS, AFM, and UV-Vis the effect of
each substrate on the structural, morphological, and optical
properties of MAPI (CH3NH3PbI3) perovskite films was
studied.
2.

Materials and methods

Four different substrates were used; Corning Eagle 2000, 7740,
1737F, and BK7 from Schott, whose composition is shown in
table I. The principal differences between these substrates are
the concentration of group III metal oxides (B, Al) and the
concentration of alkali metal oxides (Na, K). There are no alkali
metal oxides at all in the case of Corning 1737 F and Eagle 2000
glasses. Each one of them was subjected to a cleaning protocol
in four stages. They were first washed with a Hellmanex®
solution, deionized water, ethanol, and 2-propanol, respectively
for 15 minutes in the Ultrasonic Cleaner; subsequently, N2 was
passed through the substrates, and they were transferred to an
oven at 70 °C for 2 hours, for the elimination of any residual
organic matter. At the same time, a MAPI (CH3NH3PbI3)
solution was prepared in a 1:1:1 mol% ratio, dissolving at room
temperature for 1 hour, lead iodide (PbI2, 99%, Sigma-Aldrich)
and methylammonium iodide (CH3NH3I=MAI, Dyesol) in
dimethyl-sulfoxide solvent (DMSO, anhydrous, >99.9%,
Sigma-Aldrich). Once the MAPI solution was prepared, it was
deposited on each substrate by spin-coating at 4000 rpm for 30
seconds. During the first seconds, 100 µL of MAPI ink was
deposited, while 5 seconds later, 200 µL of chlorobenzene (CB,
99.8% anhydrous, Sigma-Aldrich) was deposited. The latter

(CB), induces rapid crystallization in the perovskite layer,
obtaining a flat and uniform film. The role of chlorobenzene is
to rapidly reduce the solubility of perovskite precursors in the
solvent dimethyl sulfoxide (DMSO) thus promoting rapid
nucleation and growth of crystals in the film [16]. Finally, a
heat treatment was carried out at 100°C for 10 minutes on a hot
plate [17-22]. The thickness of the film depends directly on the
conditions of the deposition speed, at 4000 rpm, films of the
order of 500nm thick are obtained.

b)

Table I. Chemical composition of each substrate (% mol)
Chemical composition (%mol)
Substrates
SiO2

B2O3

Na2O

K2O

Al2O3

BaO

CaO

MgO

Eagle 2000
[24]

60.92

12.68

<0.01

<0.01

15.83

0.02

7.67

0.43

7740 [25]

83.3

11.5

4.0

---

1.2

---

---

---

BK7 [26]

69.13

10.76

10.4

6.29

---

3.07

---

---

1737F [27]

58.4

8.49

---

---

16.7

9.50

4.19

0.12

3.

Results

Figure 1 shows SEM images of the MAPI perovskites
(CH3NH3PbI3) deposited on the different substrates, taken with
a Hitachi S5500 FESEM microscope and a voltage acceleration
of 2 kV. Flat surfaces and large grains with an average size
between 100 and 250 nm were observed in all of them. The
grains of the films deposited in 1737 and BK7 substrates
(Figures 1a and 1b) are less well defined, with less space and
porosity between them, giving an effect of greater welding and
compaction between grains. On the other hand, with the 7740
substrates (Figure 1c), the grains are better defined, with the
space between them being even more noticeable. While the
Eagle 2000 substrate showed fully defined grains with clear
spaces between them, higher porosity, and a lower degree of
compaction.

c)

d)

a)

Fig 1. Top view SEM images of MAPI perovskites (CH3NH3PbI3) deposited on
substrates: (a) 1737F, (b) BK7, (c) 7740 y (d) Eagle 2000.

By X-ray diffraction, the influence of the substrate on the
crystal structure and phase of MAPI thin films grown by spincoating was analyzed. X-ray diffraction patterns (XRD) were
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Where the instrumental broadening (βinstrumental) was determined
using the Caglioti relation [36]. Assuming that the stress is
uniform in all crystallographic directions, equation 2 represents
the UDM model (Uniform Strain Model). By plotting the term
for 4 for the preferential orientation peaks of the perovskite
films, the crystallite strain and size can be obtained from the
slope and intercept with the vertical axis of the fitted line. The
values of the crystallite size and microstrain are shown in
Figure 3. Where the crystallites presented a size between 37 and
48 nm, and the strain was increased because of the presence of
the PbI2 phase.

Crystallite size (nm)

In the XRD spectra of Figure 2, characteristic MAPI perovskite
intensities were observed at approximately 14.66° and 27.09°,
corresponding to the (110) and (220) planes, respectively
(JCPDS File No. 01-083-7582), being consistent with values
reported in the literature for the tetragonal phase [28].
Additionally, we identify the presence of a secondary phase
PbI2, this relative amount being non-standard and decreasing
and/or increasing depending on the substrate. On the other
hand, in the Eagle and 7740 substrates, a decrease in said
secondary phase was observed. Thus, the presence of a peak at
approximately 11.54° was also observed, which could be an
indicator of the presence of a by-product based on MAPI as
observed by Leguy et al [29].

=[

Microstrain(ε × 10-3 )

obtained with an X'Pert³ MRD under Cu-Kα radiation
(λ=1.54056 Å), using a voltage of 40 kV and a current of 30
mA. The 2θ scan range was 10°-90°, with a scan rate of
0.02°/min.
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Fig 2. X-ray diffraction patterns of perovskite films (CH3NH3PbI3).

On the other hand, we calculated the mean peak width (FWHM)
of our films, which is affected by the composition of the
substrate affecting its crystallinity. Considering that the size of
the crystallite can be affected due to the influence of the
substrate, we determine this parameter using the WilliamsonHall equation [30-33] from X-ray diffractograms, which is
given by:
=

+4

7740
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Eagle

Fig. 3. Average crystallite size and microstrain (calculated by WilliamsonHall analysis of powder X-ray diffraction data).
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Using a Solver Next NT-MDT AFM equipment, average grain
sizes and roughness were obtained, revealing different
morphologies and roughness for each film (Table II). As is well
known, high roughness hinders charge transfer and favors the
recombination process [37]. However, for the 7740 substrates,
we obtained an average roughness of 15.87 nm, which is quite
close to the ideal average roughness value of 14 nm for
perovskite layers [38]. While for 1737F, the AFM images did
not show a defined grain morphology, presenting films with
large pores and average roughness greater than 58 nm.
Table II. Grain and roughness analysis of MAPI deposited on different
substrates

(1)

where λ is the wavelength corresponding to Cu-Kα radiation, K
is a dimensionless shape factor that varies in a defined range
according to the real shape of the crystal [34], specifically for
our case, that is, crystals of size sub-micrometric and uniform,
the value of 0.9 is assumed [35], βhkl is the width of the peak at
half its maximum intensity and θhkl is the position of the peak.
The broadening of the XRD peak is affected by the dependent
effects of the measurement equipment and the sample. To
decouple these contributions, it is necessary to correct for the
instrumental effect of the line broadening, which we
determined by equation [33-35]:

Substrate

Average Size (nm)

Average roughness (nm)

Eagle2000

80
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Fig. 5. SIMS depth profile of perovskite film grown on Corning 7740 glass
substrate measured with secondary positive cluster ions emitting at sputtering
by cesium ions with energy 1 keV. The analysis was performed with a pulsed
beam of Bi3+ bismuth ions with an energy of 30 keV.
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The SIMS analysis showed (see Figure 5) that the main film
components (C, N, H, I, Pb) are evenly distributed throughout
the film thickness, except for the 20 nm thick surface layer,
which occurs, most probably, after adsorption of gas molecules
from the atmosphere, primarily water molecules. Diffusion of
oxygen, as well as sodium and potassium from the substrates
(in which they are present), is also not observed, although minor
contamination of the films with sodium takes place during
preparation.
4.
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Finally, using a JASCO model V-670 (UV-Vis) spectrometer,
we characterized the films in the visible light range (380-700
nm) and the near-infrared range (750-1000 nm). In figure 4, we
see that our films are highly transparent in the infrared range
and less reflective in the visible range. With the Corning 1737F
substrate, a shift to the right was observed in both reflectance
and transmittance. Remember that to act as a base material for
the transparent conductor, high transparency and less than 5%
of the reflectance of the film are fundamental requirements of
the optical properties [39]. The homogeneity and the grain size
of the perovskite films played an important role in the
Transmittance and Reflectance, this being attributed to the
difference between the composition of each substrate on which
it was deposited [13-15].
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Fig. 4. (a) Transmittance (%T) and (b) reflectance (%R) spectra versus
wavelength (nm) of MAPI perovskite film.

Discussion

One of the main goals of this study was to find a correlation
between the chemical composition of the glass substrate and the
structural perfection and composition of the growing perovskite
film. Particular attention was paid to alkali metals, which have
high mobility as well as high chemical activity. For example,
the presence of alkali metal atoms on the surface of silicate
glasses leads to the hydrolysis of water molecules adsorbing to
the glass surface from the air and the subsequent reaction of
ionic exchange between the protons formed because of
hydrolysis and the alkali metal atoms. This ultimately leads to
glass corrosion and the formation of decomposition products on
the surface, including alkali metal hydroxides. One of the
principal conclusions of this study, which we made based on
the obtained results, is that the glass composition can indeed
affect the structure and quality of the growing perovskite layer:
for the Corning 1737 substrate, film growth with minimum
grain size (about 15% less than for the other substrates) and
maximum grain tension is observed. However, from the
comparison of the obtained results, a definite conclusion about
the influence of the concentration of alkali metal oxides on
these two parameters could not be made, since the data for the
film grown on Corning Eagle 2000 differ from those obtained
for Corning 1737, while the percentage of alkali metal oxides
in these glasses is very close. We will continue to study the
effect of substrate composition on the quality of perovskite
films with ITO-coated glasses.

5.

Conclusion

This paper presents MAPI films deposited on Corning Eagle
2000, 7740, 1737, and Schott BK7 substrates, respectively. We
observed no interdiffusion between the glass substrate and the
perovskite films for all samples analyzed. All major MAPI
elements were monotonically distributed in the depth of the
films except for a thin near-surface layer 20-30 nm thick.
Considering the data given in the literature, we assume the
enrichment of the surface layer with iodine and lead atoms (IPb2
phase). Using XRD and SEM, we verified that the grain size of
the films deposited on Eagle 2000, 7740, and BK7 appeared
quite close in the 46-47 nm range, while the 1737F substrate
presented a noticeable difference with a size of ~37.2 nm,
which is explained by the composition of the glasses (the
presence of active sodium type ions on the glass surface).
However, an unambiguous relationship between glass
composition and grain size for the deposited film could not be
obtained. The roughness of the obtained film also depended on
the roughness of the substrate, resulting in the conclusion that
the best substrate is Corning 7740 because it presented
crystallite size values among the largest, as well as better
defined grains, coinciding with optimal characteristics found in
the literature.
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