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Abstract. This article presents applications of zinc telluride in perovskite solar cells. Devices
in which the thin layer of ZnTe deposited by thermal evaporation is the only hole transport
layer reached a maximum yield of about 2.14%, while those with hole transport layer
consisting of PEDOT-PSS doped with ZnTe had a maximum efficiency of about 2.60%. Power
conversion efficiency of approximately 7.40% was recorded in solar cells consisting of two
hole transport layers, one of ZnTe and one of PEDOT-PSS. The maximum conversion yield of
approximately 13.84% was recorded in devices, in which heterojunction was made from
perovskite doped with ZnTe.
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Rezumat. Articolul prezinta aplicatii ale telururii de zinc in celule solare cu perovskit.
Dispozitivele in care stratul subtire de ZnTe depus prin evaporare termica este singurul strat
de transport al gaurilor au atins un randament maxim de aproximativ 2,14%, in timp ce cele
cu strat de transport al gaurilor constand din PEDOT-PSS dopat cu ZnTe au avut o eficienta
maxima de aproximativ 2,60%. O eficienta de conversie a puterii de aproximativ 7,40% a fost
fnregistratd in celulele solare constand din douad straturi de transport al gaurilor, unul din
ZnTe si unul din PEDOT-PSS. Randamentul maxim de conversie de aproximativ 13,84% a fost
inregistrat in dispozitivele in care heterojonctiunea a fost realizata din perovskit dopat cu ZnTe.

Cuvinte cheie: perovskit, telururd de zinc, densitate de curent, tensiune, factor de umplere,
eficientd.

Abbreviations

ZnTe - Zinc telluride

ZnSe - Zinc selenide

Zn0 - Zinc oxide

PEDOT-PSS - composite material where PEDQOT (the conductive polymer) and PSS
(polystyrene sulfonate).

PCs1BM - [6,6]-phenyl-Cei-butyric acid methyl ester.

AFM - atomic force microscopy.

PCE - power conversion efficiency
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1. Introduction

A'B"' type semiconductor compounds have a wide range of optical and electrical
properties and can become competitive materials in photovoltaic conversion and
optoelectronic applications [1]. On the other hand, the structure and physical properties of
the thin layers of these compounds greatly depend on the deposition method and the
substrate temperature, the evaporation method and the deposition rate.

ZnTe is a binary semiconductor compound, type A"B"!, with the band gap average Eq =
2.26 eV at T = 300 K. Typically, zinc telluride crystallizes in cubic form (sphalerite, or
"zincblende"), but can also be prepared as a hexagonal structure (wurtzite) [3].The compound,
together with sulfides and selenides, belongs to the calcogenide category. In the form of thin
layers it can be prepared by various methods such as thermal evaporation technique from
one source [4] and two sources [5], electrodeposition [6, 7], epitaxial growth [8, 9], sputtering
[1], molecular beam epitaxy [10], direct combination of Zn and Te in quartz ampoule [2, 11],
pulsed-laser deposition [12].

Zinc telluride is an important material for photovoltaic applications. T. Tanaka et al.
[13] presented the experimental results of the photovoltaic activity of the homojunction ZnTe
from solar cells in which n-ZnTe layers are made by thermal diffusion of Al into p-ZnTe. W.
Wang et al. [10] have grown n-ZnO/n-ZnSe/p-ZnTe structures on GaAs and GaSb and they
demonstrated good rectifier diode qualities and good photovoltaic response. C. A. Wolden et
al. [14] have prepared ZnTe buffer layers as posterior contact of CdTe solar cells and have
significantly contributed to raising the efficiency of cells and to improving the stability of the
module. N. G. Patel et al. [15] have demonstrated that the efficiency of p-ZnTe / n-CdSe type
solar cells in thin layers strongly depends on the conditions of growth of the absorption layers
and the window layers. P. Saikia et al. [16] have prepared ZnSe/ZnTe/CdTe/HgTe
multijunction solar cells on tin oxide-coated glass substrate using the vacuum evaporation
method and these structures have demonstrated the best photovoltaic parameters [2].

| believe that the ability of contemporary researchers to manufacture perovskite cells
with a high filling factor is an important step towards assembling high-efficiency cells for
commercial applications. Today, the number of researchers with perovskite solar cells with
an efficiency of less than 15% is increasing [17]. ).Y. Jeng et al. showed solar cells similar to
pervoskite CHs;NHzPbls / fullerene (Ceo) planar - hybrid heterojunction with the following
parameters Vo= 0.60V, J,c = 10.30 mAcm™2, FF=0.63, PCE = 3.9% [18]. L. Etgar et al. reported
obtaining hole conductor-free mesoscopic methylammonium lead iodide (CHsNHsPbls)
perovskite / TiO, heterojunction solar cell with important photovoltaic characteristics: Jc =
16.1 mA/cm?, V,c = 0.631V, FF = 0.57 and PCE = 7.3% [19]. J.H. Im et al. have demonstrated
highly efficient quantum-dot-sensitized solar cell based on perovskite CHs:NHzPbl; with PCE
= 6.54% [20]. MM. Lee [21] presented a device with the structure
FTO/TiO,/CHsNHsPbl,Cl/Spiro-OMeTAD/Ag and the most efficient device exhibited have
photovoltaic characteristics: J«c = 17.8 mAcm™2, Vo = 0.98 V, FF = 0.63 and n = 10.9 % [22]. N.J.
Jeon et al. have discovered a solvent engineering technology for the preparation of extremely
uniform perovskite layers and demonstrated a solution-processed perovskite solar cell with
an energy conversion efficiency of about 16.5% [23]. Similar applications of thin layers of
ZnSe, ZnTe and ZnS in perovskite solar cells have demonstrated M.E. Popa et al. [24 - 27].

Perovskite solar cells based on organic - inorganic halides [25] have aroused a special
interest in research due to the increase of photovoltaic characteristics and the simpler way
of preparation compared to other solar cells [28-37]. Replacing silicon with absorbent thin
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layers in such devices will greatly reduce the real cost of solar cells. The objectives of this
paper are to present the experimental results of the use of thin layers of ZnTe and ZnTe
powder in various variants of perovskite solar cells [25].

2. Materials and Methods

The lower electrodes of the solar cell were deposited from indium tin oxide (ITO) by
etching on Corning 7059 glass [25], which had been initially ultrasonically cleaned in
detergent, deionized water and acetone. The ITO layer served as cathode collecting holes.

The thin layer of ZnTe was subsequently deposited in vacuum as a hole transport layer
by means of thermal evaporation. The mass of ZnTe powders with a purity of about 99.999%
ranged from 15 to 32 mg. Substrate temperature was Ts = 300 K, vacuum pressure - about
0.96 Pa, and electric power through the evaporator process was approximately 50 A.

The thickness of the ZnSe films was measured with the MIl-4 interference microscope
(Linnik type), the operation of which is based on the interference of fringes of equal thickness
from the surface of the layer and the surface of the support. The DRON-3 diffractometer with
MoKa radiation (A = 0.710687 A) was used to obtain X-ray diffractograms. The surface
morphology of ZnTe thin layers was characterized by AFM.

The bulk heterojonction layer [25] was prepared of 80 ul of methylammonium lead
iodide solution (MAPbls; = CHsNH:Pbls) by the spin-coating method in two stages: after the
first deposition the layer was rotated at a speed of 1000 rpm for 23 seconds, followed by a
second deposition and a rotation at a speed of 4000 rpm for 30 seconds. 150 pl of toluene
dropped in the 13th second [24].

The PCs:BM (= PCBM) film was used as electron transport layer. It was deposited from
the solution in the argon chamber by the spin-coating method at a rotational speed of 1000
rpm for 40 s [38]. The advantages of using PCs:BM as an electron transport layer are: layers
are deposited from the solution, their thickness can be adjusted, good electron transport
properties in the deposited layers and the lack of need for additional heat treatment.
Energetic direction of the holes and electrons is more favorable in this configuration,
electrons move to a metal with small extraction work, and the holes move to material with
large extraction work. Ag electrodes were deposited by thermal evaporation in a quasi-closed
volume [24].

In another variant of perovskite solar cells the PEDOT-PSS layer doped with ZnTe
powder was used as the hole transport layer, and the other layers were deposited analogously
as in the first variant of solar cells [27]. The concentration of the powder in the mixture varied
between 1.0 and 2.0 mg/mL. This was deposited from the solution by the spin-coating method
for 60s at a rotational speed of 3000 rpm. Then followed a heat treatment in air for 10
minutes at a temperature of 150°C. Heat treatment time was measured with the stopwatch
of a mobile phone.

The third type of perovskite solar cells had a two-layer structure (ZnTe + PEDOT-PSS)
which fulfill the function of hole transport layer, and the other layers were deposited
analogously as in the first variant of solar cells [25]. The ZnTe layer was deposited by thermal
evaporation under conditions similar to those of the first type of solar cell, and the second
layer of PEDOT-PSS was deposited by the spin-coating method under conditions similar to
those of the second type of solar cells [39].

The last variant of solar cells uses as bulk heterojunction the perovskite layer
CHsNHsPbls; doped with ZnTe powder, and the other layers were deposited similar into as in
the first type of solar cells.
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To measure the current density - voltage of solar cells dependencies, a closed box
filled with nitrogen using simulated AM1.5G sun light was used, which was calibrated to 100
mW/cm? using an NREL tracking photodiode and a computer-controlled Keithley 2400 source
unit [25]. The HITACHI S-3000N microscope was used for SEM measurements and the
photovoltaic characteristics were measured at room temperature.

3. Results and Discussion

In Fig. 1 are presented two SEM images of a solar cell type ITO/PEDOT-PSS/MAPbI;:
ZnTe/PCs1BM/Ag after depositing the PCs:BM fullerene layer. We notice that the surface of
the cell is uniform, without perforations, but with some small spherical grains grown on the
surface (about 3 ym in diameter) and elongated (3 to 5 ym in length) [24]. This uniform
compact structure effectively blocks the recombination of charge carriers at the surface.

S3400N 10.0kV 5.3 : 500 S-3400N 20.0KV 4.3mm x15.0k SE
a) b)
Figure 1. The SEM images of surfaces of samples type ITO/PEDOT-PSS/MAPDI;:
ZnTe/PCs1BM/Ag.

Figure 2 (a) presents the schematic cross-section of the first variant of perovskite solar
cells with inverted architecture described in this article, and the scheme of energy transitions
in the layers of this solar cell are shown in Fig. 2 (b). Here the role of electron transport layer
is fulfilled by the PC¢:BM film, and the role of hole transport layer - the ZnTe layer [25]. From
this diagram we observe that the hole runs through the energy path -54 eV — -5.1 eV — -
4.7 eV, and the electron runs through the energy path -3.9 eV — -4.3eV — -4.5 eV.

The output current of the photovoltaic cell is given by the relation [16, 40],

=1 [exp (q(Vk;TI&)> - 1] -1, (D

where /s and Rs are the diode saturation current and the series resistance of the respective
cell. The fill factor that measures the quality of solar cells is determined by the relation [16, 40]

L.V
FF = T2, (2)
ISCI/OC
where I, and V,, are the current and the voltage corresponding to the maximum power point
Pmex and Ic and V,. respectively short-circuit current and open-circuit voltage. An important
parameter is the power conversion efficiency (PCE) of the solar cell, which is defined as the
ratio from the output power (electricity) and the input power (the light) and can be calculated

by the equation [16, 40]:
Journal of Engineering Science June, 2026, Vol. XXXIII (2)



36 ZnTe - Based of perovskite solar cells with inverted planar arhitecture

-2,6 eV

ZnTe

-4,7 eV _A5ev

ITO

\5;“"
Lo

a) | b)
Figure 2. (a) Device structure of first type of solar cells;
(b) The energy diagram of first type of solar cell.

P LV,
PCE = n= output — FF sc oc' (3)
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Typically, the "inverted” planar structure has a Vi and a high FF, which are indicators
that this structure has favorable electrical contacts and that the charges are efficiently
collected on electrodes within this structure.

The J-U dependencies and the photovoltaic parameters of the solar cells with the
ITO/ZnTe/MAPDbI:/PCBM/Ag structure are presented in Fig. 3 and Table 1 [25].

ITO/ZnTe / MAPbI; / PCg4BM/ Ag
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Figure 3. Current density - voltage characteristics of first type of solar cells.

The experimental curves were constructed according to the thickness of the ZnTe layer
deposited on the ITO, and the photovoltaic parameters analyzed were open circuit voltage
(Voo), short-circuit current (Js), fill factor (FF) and power conversion efficiency (PCE). For the
cell with a ZnTe layer thickness of about d = 20 nm, the electrical dependence ZTal was
obtained with the following characteristics: Vo = 0.44 V, Jic = - 6.24 mA/cm2, FF = 59.48 %,
PCE = 1.66 %. For the device with the thickness of the ZnTe layer of about d = 33 nm, the
ZTa2 curve was obtained, in which the hysteresis of the curve increased to the value J; = -
9.98 mA/cm?, and V,. decreased to 0.39 V. For the solar cell with the ZnTe layer thickness of
d = 48 nm the ZTa3 curve was obtained, which is very close to the form of the initial J-U
dependency ZTal [25].
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Table 1
Photovoltaic parameters of first type of solar cells
Devices  dzre(nm) Usc (V) Jse (mA/cm?) FF (%) PCE (%)
ZTal 20 0.44 -6.24 59.48 1.66
ZTa2 33 0.39 -9.98 54.19 2.14
ZTa3 48 0.46 -6.62 61.14 1.88

Low values of the power conversion efficiency is probably due to mainly the small
displacement of the ZnTe valence band to the perovskite valence band and probably due to
low crystallinity and high roughness of the surface of the ZnTe layer. Thus, the ZnTe layer
with the function of hole transporting layer did not improve charge transport, but probably
created increased contact resistance.

For the best ITO/ZnTe/MAPbI;/PCBM/Ag solar cell the characteristic J-U was measured
to the forward lighting (at decrease of voltage) and reverse lighting (at increase of voltage)
(Fig. 4). From Table Il we notice that at reverse scanning V,. decreases from 0.390 V to 0.386
V, Jic decreases from 9.98 mAcm™ to 9.61 mAcm?, FF is reduced from 54.19 % to 51.49 % and
PCE decreases from 2.14 % up to 2.02 %.

ITO / ZnTe / MAPbI; / PC,BM / Ag

/
*

i

Current density
(mAcm™®)

-0,2 oo 0.2 / 0/0.4

—u— Forward scan
—e— Reverse scan Y

Figure 4. Forward and reverse J-U characteristics of ZTa2 device (dz.re = 33 nm).

Table 2
Parameters of of ZTa2 solar cell (dz.r. = 33 nm) with forward and reverse scanning
Directions of Uoc (V) Jsc (mA/cm?) FF (%) PCE (%)
scanning
forward 0.390 -9.98 54.19 2.14
reverse 0.386 -9.61 51.49 2.02

The structure and morphology of a ZnTe layer deposited on the ITO electrode and the
glass support was investigated. In the XRD diffractogram (Fig. 5.a) three diffraction peaks
(111), (200) and (311) were identified in ASTM and ICDD data sheets for ZnTe, which
demonstrates that the studied layers are polycrystalline and have a zinc blend structure with
a strong orientation of the crystalites with the planes (111), (200) and (311) parallel to the
surface of the support. The AFM image of the ZnTe thin layer surface is shown in Fig. 5.b. It
is noted that the sample has small crystalites, grooved perpendicular to the support, in the
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form of "scales” with similar dimensions (length about 0.08 - 0.1 um, width about 0.04 - 0.06
pm). The image of Fig. 5.c demonstrates that the thickness of the ZnTe layer is about 33 nm
and has a surface roughness of about 3 - 5 nm.
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Figure 5. (a) XRD image confirming the crystalline structure of the ZnTe layer: b)
AFM image of the ZnTe layer deposited on ITO/glass,c) AFM image to measure the height
of ZnTe layer deposited on ITO/glass.

The modification of hole transport layer in order to increase of the power conversion
efficiency of solar cells it was achieved by doping the PEDOT: PSS solution with the ZnTe
powder. The concentration of the powder in the solution ranged from 1.2 - 2.0 mg/mL.

Fig. 6 presents the current density - voltage dependencies of solar cells with
ITO/PEDOT-PSS: ZnTe/MAPbIs/PCBM/Ag structure, and Table 3 represents the parameters of
the respective cells. For the ZTb1 solar cell with the concentration n = 1.2 mg/ml of ZnTe in
PEDOT-PSS, the experimental curve with the following characteristics was obtained: V. =
0.58V, Jic =-5.64 mA/cm?, FF = 43.94%, PCE = 1.43%. The hysteresis of the ZTb4 curves, with
the concentration n = 1.8 mg/ml of ZnTe in PEDOT-PSS, increased continuously reaching the
values Jic=- 9.27 mA/cm? and V,. = 0.69 V, which corresponds to the maximum value of PCE
= 2.56 %. For solar cells with a concentration n > 1.8 mg/ml of ZnTe in PEDOT-PSS the
hysteresis becomes lower than in the previous cell, and the energy efficiency decreases
continuously.
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Figure 6. J-U curves of the second type of solar cells.

Table 3
Photovoltaic parameters of the second type of solar cells [25]

Devices n (mg/ml) Uoc (V) Jsc (MA/cm?) FF (%) PCE (%)
ZTbl 1.2 0.58 -5.64 43,94 1.43
ZTb2 1.4 0.60 -7.14 43.32 1.88
ZTb3 1.6 0.63 -8.40 40.94 2.15
ZTb4 1.8 0.69 -9.27 40.31 2.56
ZTb5 2.0 0.62 -8.10 41.50 2.07

Fig. 7 and Table IV show small deviations in J-U characteristic at forward lighting (at
decreasing of voltage) and reverse lighting (at increasing the voltage) of the best solar cell
type ITO/PEDOT-PSS:ZnTe/MAPbIs/PCBM/Ag.

ITO/ PEDOT-PSS: ZnTe / MAPbl4 / PCg4BM | Ag
6

44

Current density
(mAcm?)

Veltage (V)

r T
0.2 op 02 0.4

m— Reverse scan
+— Forward scan

Figure 7. Forward and reverse J-U characteristics of ZTb4 device (n = 1.8 mg/ml).

Table 4
Parameters of of ZTb4 solar cell (n = 1.8 mg/ml) with forward and reverse scanning
Directions of Usc (V) Jse (mA/cm?) FF (%) PCE (%)
scanning
forward 0.69 -9.27 40.31 2.56
reverse 0.67 -8.63 40.16 2.38

To increase the efficiency of hole transport layer a third variant of solar cells was
prepared in which two layers of p-type conduction were deposited: a ZnTe film obtained by
quasi-closed thermal evaporation, the thickness of which was measured after each
deposition, and the second layer of PEDOT-PSS obtained by the spin-coating method.
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Fig. 8 presents the most representative J-U curves of solar cells with ITO/ZnTe /
PEDOT: PSS/MAPbI:/PCBM/Ag structure, which were analyzed according to the thickness of
the ZnTe layer deposited on the ITO, and their energy quantities are indicated in Table V. The
ZTcl solar cell has the thickness of the ZnTe layer equal to 20 nm and the characteristic
current density - voltage has the following photovoltaic parameters: Vo = 0.94 V, J,c = 12.73
mA/cm?, FF = 59.87% and PCE = 7.14%. The ZTc2 device with a ZnTe layer thickness of about
33 nm has a significantly higher short-circuit current value of about 19.16 mA/cm?, and an
open circuit voltage of less than 0.78 V. The hysteresis of the ZTa3 solar cell, with a ZnTe
layer thickness equal to 48 nm, decreases, and the characteristic current density - voltage
moves upwards, perpendicular to the current density axis. In all perovskite solar cells with
ZnTe as the electron transport layer from Fig. 8 a PCE > 7% was obtained [25].

ITO/ZnTe /! PEDOT-PSS / MAPbI3 / PCg4BM [ Ag

Current density
(mAcm™?)

Voltage (V)
T —5 T T T T T T T T
0.2 0.4 0.6 . 1.0

o
(8]
o
[=]

-25 4

Figure 8. Current density - voltage characteristics of the third type of solar cells.

Table 5
Photovoltaic parameters of the third type of solar cells
Devices | dzr(nm) Uoc (V) Jsc (MA/cm?) FF (%) PCE (%)
ZTcl 20 0.94 -12.73 59.87 7.14
ZTc2 33 0.78 -19.16 49.71 7.40
ZTc3 48 0.77 -16.52 56.38 7.14

The energy diagram of recent solar cells is shown in Fig. 9. It is noticed that this
structure significantly simplifies the movement of the holes from the perovskite to the ITO
electrode by making smaller jumps, in a cascade, between close energy levels (from 5.4 eV
to 5.2 eV and then from 5.1 eV to 4.7 eV). This probably explains the increase in the PCE value
of those cells compared to other solar cells.

-2,2 eV

-2,6 eV

ZnTe
-4,7 eV
ITO

-5,1eV

Figure 9. The energy diagram of the third type of solar cells.
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J-U characteristic of ZTc2 device at reverse illumination presented a smaller
hysteresisthan the forward illumination (Fig. 10). From Table 6 we note that at reverse
scanning Vo decreases from 0.78 Vto 0.70 V, Jic increases from 19.16 mAcm™ to 19.63 mAcm
2, FF decreases from 49.71 % to 48.11 % and PCE declines 7.40 % to 6.67 %.

ITO/ZnTe /PEDOT-PSS / MAPbIy [ PC4BM / Ag

Current density
{macm™)

B —&— Forward scan
E —e—Reverse scan
-

Figure 10. Forward and reverse J-U characteristics of ZTc2 device (dzate= 33 nm).

Table 6
Parameters of ZTc2 solar cell (dz.r = 33 nm) with forward and reverse scanning
Directions of Uoc (V) Jse (MA/cm?) FF (%) PCE (%)
scanning
forward 0.78 -19.16 49.71 7.40
reverse 0.70 -19.63 48.11 6.67

By doping the perovskite solution (CH:NH:Pbls) with the ZnTe powder in the bulk
heterojonction layer, the fourth variant of solar cells was obtained. In the solar cells with the
best photovoltaic characteristics the concentration of the powder in the solution varied
between 1.2 - 1.8 mg/mLl. The mode of deposition of this layer was the same as in the case of
depositing the pure layer of perovskite. Other layers-components of the solar cells were
prepared analogously to the ZTal - ZTa3 samples.

The J-U dependencies of solar cells with ITO/PEDOT: PSS/MAPbIs: ZnTe/PCBM/Ag
structure are represented in Fig. 11, and the photovoltaic parameters of the respective solar
cells are presented in Table 7. For the solar cell in which the concentration of ZnTe in MAPbls
is n=1.2 mg/ml, the ZTd1 curve was obtained with the following characteristics: V,c = 0.95
V, Je=15.52 mA/cm?, FF = 61.56%, PCE = 9.05%. Increasing the concentration of ZnTeto n =
1.4 mg/ml it is observed that the open circuit voltage remains practically constant, and the
hysteresis of the current density-voltage curve increases to the value of short-circuit current
of about 24.97 mA/cm?, and the value maximum PCE = 13.84%. If the concentration of ZnTe
in CHsNHsPbls increases even more than in the ZTd2 solar cell, the energy efficiency of the
solar cells decreases continuously, because the V.. and FF values decrease [25].

Table 7
Photovoltaic parameters of the fourth variant of solar cells
Devices n (mg/ml) Uoc (V) Jsc (MA/cm?) FF (%) PCE (%)
ZTd1 1.2 0.95 -15.52 61.56 9.05
ZTd2 1.4 0.95 -24.97 58.53 13.84
ZTd3 1.6 0.92 -25.97 51.92 12.36
ZTd4 1.8 0.86 -27.04 39.36 9.12
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Figure 11. Current density - voltage characteristics of the fourth variant of solar cells.

Fig. 12 represents the current density - voltage dependencies for the most efficient
ZTd2 solar cell. A direct scan of the solar cell the J-U dependence revealed the following
parameters: Vo = 0.95 V, Joc = 24.97 mA/cm?, FF = 58.53 %, PCE = 13.84 %, and at the reverse
scan Voc =091V, Jic = 24.96 mA/cm? , FF = 55.38 % and PCE = 13.32 % (Table 8).

ITO /PEDOT-PSS /MAPDbI,: ZnTe / PCg BM/Ag

104 on
s

L ]
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T T T T T T T T
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-30
Figure 12. Forward and reverse J-U characteristics of ZTd2 device (n = 1.8 mg/ml).

Table 8
Parameters of ZTd2 solar cell (n = 1.8 mg/ml) with forward and reverse scane
Directions of scane Uoc (V) Jsc (MA/cm?) FF (%) PCE (%)
forward 0.95 -24.97 58.53 13.84
reverse 0.91 -24.96 55.38 13.32

5. Conclusions

The paper demonstrated the experimental results obtained in the preparation and
investigation of perovskite solar cells in which ZnTe performed the function of hole transport
layer. The highest power conversion efficiency PCE = 7.40% was detected in ITO/ZnTe/
PEDOT-PSS/MAPDbI:/PCBM/Ag devices with an open circuit voltage V. = 0.777 V, a filling
factor FF = 0.50 and with a short-circuit current Jic = - 1.02 mA/cm? By doping perovskites
with ZnTe solar cells with the structure ITO/PEDOT-PSS/CH:NHsPbls: ZnTe/PCs1.BM/Ag were
obtained with the best photovoltaic characteristics: PCE = 13.84%, Voc = 0.947 V, FF = 59%
and Jsc = - 24.97 mA/cm?.
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