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The present work is a study of the effect of incorporating (CuO/PbI2/CH3NH3I/ZnO) on the porous silicon
(p-Psi) by using the drop casting technique procedure at a temperature of 70 �C. Structural, optical and
morphological properties of (p-PSi, CuO, and ZnO) nanoparticles were characterized by X-ray diffraction,
UV–Vis spectrophotometer, scanning electron microscopy and atomic force microscopy. The estimated
optical energy value of thin films (CuO, PbI2, and ZnO) was (3.87, 2.3, and 4.1 eV), respectively. The results
of the current–voltage test manifested that the maximum power conversion efficiency (PCE) of the solar
cell was 8.21%, and the filling factor was 41.4%. This research is revealing and investigating the successful
hybrid Perovskite solar cells based on the porous silicon.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 2nd International
Conference on Materials Engineering & Science.
1. Introduction

The material of high-efficiency solar cells absorbs light over a
wide spectral range, generates high-efficiency shipments, and
recharges these generated charges to electrodes with lower losses
[1]. The ability to achieve straight pores makes the porous silicon a
good material for the deposition of various metals [2], whereas the
state of the fusion of nanostructures with the semiconductor sub-
strate leads to a hybrid material, which provides the electronic
properties of silicon and the nano behavior of sediments. Perovs-
kite from semiconductors has attracted a great deal of attention
due to its high absorption of light that makes it used in solar cells
[3–5]. In recent years, the demand for nanostructured materials
has increased significantly not only due to the development of
the devices, but also because of the appearance of modified phys-
ical properties of nanoparticles compared to their bulk materials
[2]. The properties of semiconductors materials (CuO, ZnO) are
nontoxic and low cost; they have attracted a lot of attention
because of their potential applications on solar cells, gas sensor,
due to their photochemical properties and photoconductive [6,7].
This research is revealing and investigating the successful hybrid
perovskite solar cells based on the porous silicon, as well as study-
ing the properties of their materials.

2. Experimental procedure

2.1. Prepared of porous silicon (p-Psi)

An electrode instrumentwas used tomanufacture porous silicon
(p-PSi) using substrate silicon wafer (p-type) with an electrolytic
Teflon cell containing 48% hydrofluoric acid and 99.9% purity etha-
nol with volume 1:2, as shown Fig. 1. The fabricated sample was
processed from silicon monocrystalline with 10 lm resistivity and
orientation of (1 0 0). The chemical process for p-Psi was to make
a guard using current 10 mA/cm2 for time 10 min and after that, a
thin film layer of aluminium (about 200 nm) was deposited on
the back surface using thermal evaporation technique [8,9].

2.2. Prepared of (CuO, ZnO) nanoparticles by chemical reaction

CuO NPs were manufactured using a chemical precipitation
method. In a typical synthesis, 1.2 M of copper nitrate [Cu (NO3)2-
�2H2O] was dissolved in (100 mL) of distilled water, which was agi-
tated with magnetic stirring for 15 min until it completely
dissolved. 1 M from sodium hydroxide (NaOH) solution was
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Fig. 1. The schematic diagram of the ECE system.

Fig. 2. Diagram of Photo-Voltaic showing (CuO/PbI2/CH3NH3I/ZnO) layer depos-
ited on porous silicon.
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dissolved in (100 mL) of distilled water, then the mixture was
added by drop in [Cu (NO3)2�2H2O] solution under continuous stir-
ring for 60 min and heated at 60 �C. The reaction mixture formed a
solution with a bluish color and then was washed with distilled
water several times to remove the native impurities in the product
[3,10]. Also, it was then dried at 90–100 �C for 1 h. Finally, the pre-
cipitate was placed in a hot air oven at 200 �C for 2 h, at which the
color changed to black.

ZnO NPs were synthesized by chemical precipitation method
[11]. In a typical synthesis, 1 M of zinc sulphate heptahydrate
Fig. 3. The XRD patterns of (a) p-Psi, (b) CuO nan
ZnSO4�7H2O was dissolved in 100 mL of distilled water and 1 M
sodium hydroxide (NaOH) solution was dissolved in 100 mL of dis-
tilled water which stirred with magnetic stirring for 15 min until
they completely dissolved. The NaOH solution was dropped in
ZnSO4�7H2O solution under continuous stirring for 60 min. The
buffer was dropped wise in the solutions and stirred well until
white, which indicated the gelatinous precipitates. The sediment
was filtered, washed with distilled water and then dried at 90–
100 �C for 1 h. Finally, the precipitate was placed in a hot air oven
at 450 �C for 2 h.

2.3. The preparation of MAPbI3-film

To prepared the PbI2 solution, we dissolved 0.153 g of the pow-
der PbI2 in 10 mL of anhydrous N, N Dimethyl Formamide (DMF)
(Sigma Aldrich). There are two typical approaches to the deposition
of the Perovskite layer, one-step, and two-step coating. The first
method, the Perovskite is formed by a spin-coating for mixed
CH3NH3I and PbI2 solution (one-step coating). The second
method, Perovskite is also prepared using a spin – coating but
CH3NH3I is coated after PbI2 coating (two-step coating). A previ-
ous report showed that full coverage of Perovskite film on the sur-
face of the substrate is necessary to ensure adequate shunt
resistance and indicates that control of Perovskite filmmorphology
is crucial in achieving high efficiency of Perovskite solar cells [1].

2.4. PV device fabrication

The precursor solution of (CuO, p-type) [10] was deposited by
drop-casting on pre-heated transparent conductive p-type porous
silicon (p-PSi) 50 �C, and then sintering substrates at 300 �C, time
sintering time is 10 min. The hot substrates are left to cold at room
temperature. Following by, the perovskite precursor solution is
deposited by drop-casting on pre-heated ((p-PSi)/CuO) substrates
at 100 �C. Following by depositing (ZnO, n-type) [12] precursor
solution by drop-casting process and annealing at 100 �C, to obtain
oparticle, (c) PbI2 and (d) ZnO nanoparticle.



Table 1
2h, FWHM, d-value and crystalline size.

sample 2h (deg) FWHM (deg) d-value (A�) size of crystalline (nm)

p-Si 69.34 0.23 1.35 42.05
69.87 0.24 1.34 39.17

CuO 25.71 0.25 3.46 32.67
35.47 0.31 2.52 26.20
38.68 0.40 2.32 20.94

PbI2 21.35 0.15 4.15 52.97
24.03 0.13 3.69 58.58
28.92 0.15 3.08 53.40

ZnO 31.75 0.53 2.81 15.48
34.38 0.65 2.60 12.81
36.24 0.60 2.47 13.81

Fig. 4. Shows (a) 3D AFM image and (b) Distribution of granular accumulation chart of samples.
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the samples of ((p-PSi)/CuO /CH3NH3PbX3/ ZnO), and put foil Al
with area 0.1 cm2 as electrodes on ZnO layer, [13] as shown in
Fig. 2.
3. Results and discussion

The structural physical properties of the samples (p-Si, CuO,
PbI2, ZnO) were studied by using the characterization of samples
by XRD [13]. Surface morphology and surface roughness were
determined by the atomic force microscopy (AFM). The optical
properties measurements with optical bandgap were obtained by
UV–VIS spectrophotometer.
3.1. X-ray measurement

The X-ray diffraction patterns for the crystalline nature of the
synthesized (p-PSi, CuO, PbI2, and ZnO) are illustrated in Fig. 3.
From this figure, it can be noted that the XRD patterns are match-
ing with the powders value of (CuO, PbI2, and ZnO) by the compar-
ison with JCPDS No. 89-2531, JCPDS No. 07-0235, and JCPDS No.
36-1451, respectively. The X-ray patterns results manifested that
the broadening of the diffraction peaks indicates the presence of
nanostructure by using Eq. (1), Debye-Scherrer formula [5].

D ¼ 0:9k
bcosh

ð1Þ



Table 2
Average diameter, root mean square, and roughness density of thin films.

Sample Average. Diameter
(nm)

Root Mean Square
(RMS) (nm)

Roughness density
(nm)

p-Si 63.15 6.68 5.75
CuO 75.34 5.16 4.45
PbI2 86.80 6.47 5.55
ZnO 65.30 5.94 5.19
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where (D) is the crystalline size, (k) is the wavelength (1.5406 �A) of
X-ray, (h) is the degree of the diffraction peak, and (b) is the full
peak width at half maximum (FWHM).

The crystalline size of (p-PSi, CuO, PbI2, and ZnO) shows that the
sizes of prepared samples were within the nanoscale, as shown in
Table 1.

3.2. AFM studies

Atomic force microscopy (AFM) is an instrument used to study
the shape and texture of different surfaces. This method allows for
diversity control and evaluation of the exact morphological proper-
ties of the sample, indicating better facilities than other micro-
scopic methods. In AFM surface scanning in 3D, the image
analysis allows to select; gives the mean root square roughness,
the average particle height and intensity spectra of periodicity in
the order of particles [9,13]. Using appropriate software, it is pos-
sible to evaluate the properties, such as roughness, porosity, med-
ium size, and particle size distribution which affect the optical,
electrical, mechanical, magnetic properties of the sample surface.
Fig. 4 reveals the (3D) AFM images and the distribution of granular
accumulation of films (p-Psi, CuO, PbI2, and ZnO). The atomic force
Fig. 5. High-resolution of (a) FESEM images measurement
microscope images gave the information on the morphology of
surface roughness, root mean square (RMS), and the roughness
density of thin films, as listed in Table 2.

From the root mean square (RMS), known as the standard
deviation of surface height from average height, the surface
roughness can be measured. Surface roughness is determined by
measuring the standard deviation of surface irregularities for sev-
eral curves or curve averages. In general, the higher the rough-
ness of the surface, the lower the RMS value, the lower light
emission from the optical surface, resulting in improved surface
quality [7]. This factor is used in the distribution of random sur-
face irregularities.

3.3. FESEM of (CuO, PbI2, ZnO, MAPbI3)

The FSEM images of nanostructured thin films as – prepared
(CuO, PbI2, and ZnO) with two different magnifications. The
Fig. 5a–d showed that the shape of the nanoparticles (CuO, PbI2)
was rectangles, while ZnO [13] was sheets and the perovskite
was almost spherical.

3.4. Optical properties

Fig. 6a shows the optical absorption of (CuO, PbI2, and ZnO)
films that were measured within a wavelength range (200–
1100 nm) by using the UV–VIS double beam UVD-3500 (Labomed,
Inc.).From the shoulder or peak spectra, the absorption edges of the
samples can be used to estimate the gap by extrapolating the linear
portion of the curve [8]. From the absorption peak, the energy band
gap was calculated using Eq. (2) [14]:

ahtð Þ ¼ B � ht� Egð Þn ð2Þ
(1 mm) and (b) FESEM images measurement (200 nm).



Fig. 6. (a) Optical absorption and (b) Energy gap of films.

Fig. 7. I-V curve of perovskite solar cell.
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where, (a) is the absorbance coefficient, (h) is the plank’s constant,
(B) is the empirical constant, (m) is the light frequency, (n) is con-
stant, which depends on the transmission either (1/2) for direct
and (2) for indirect and Eg is the energy band gap.

It can be seen from Fig. 6b that the band gap of (CuO, ZnO) NPs
was direct, whereas the band gap of (PbI2) was indirect. The esti-
mated value of band gap for (CuO, PbI2, and ZnO) was (3.87, 2.3,
and 4.1 eV), respectively, as shown in Fig. 6b. The thickness of sam-
ple was confirmed as an important parameter for estimating the Eg
and was measured (tCuO = 148.5 nm, tPbI2 = 400 nm, and
tZnO = 149.5 nm). The lowest energy optical transition (electrons)
from the valence band to the conduction band will increase, effec-
tively increasing the band gap (Eg) [7]. Quantum confinement
affects the increasing of band gap energies in nanostructures
(CuO, ZnO) due to the reduced size of structures. These results cor-
respond to the results of XRD, AFM, and FESEM.
3.5. Power conversion efficiency measurement (PCE)

Fig. 7 exhibits the PCE properties of the cell (CuO/PbI2/CH3NH3I/
ZnO) and the measured open-circuit voltage, short-circuit current,
fill factor (F.F.), and efficiency.

All results suggest that the sandwich structure (CuO, PbI2, CH3-
NH3I, and ZnO) can be used as highly efficient perovskite solar
cells. The PCE and F.F. of a solar cell were calculated using Eqs.
(3) and (4)[14]:

PCE ¼ V0c � ISC � FF=ASC

Pin mw=cm2 ð3Þ

F:F: ¼ ImVm

IscVoc
¼ Pm

IscVoc
ð4Þ
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where, the open circuit voltage (VOC), the short circuit current (ISC)
and the fill factor (F.F.) can be obtained at room temperature
(300 K), and have the values (242 mV, 0.41 mA, and 41.4), respec-
tively. The efficiency of the perovskite solar cell was 8.21%.

4. Conclusions

In this work, a perovskite solar cell was successfully manufac-
tured. The results manifested that the characterizations of the pre-
pared materials (CuO, ZnO) are nanostructures, which were used as
electrodes of the solar cell. Copper oxide is a good holes extractor
(HTL), while zinc oxide is used to extract the good electrons (ETL).
From the results of power conversion efficiency (PCE), it is
observed that the photovoltaic properties of the solar cell was
improved using (CuO, ZnO) NPs and porous silicon.
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