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1. INTRODUCTION

The vast classification of polymers and their excellent chemical, physical and
mechanical features make them be solid choices for many industrial applications
[1]. Solar cells are no exception. Polymers can act as effective layers in various
types of solar cells. Some studies reviewed the polymers’ impacts on solar cells
performance [2, 3].

One of the essential roles of polymers is their application in perovskite solar
cells (PSC) [2]. These types of materials can be in the form of hole-transporting
materials (HTMs), electron transporting materials (ETMs), and ultrathin
interface layers in PSCs [2]. Typically, perovskite solar cells represent
acceptable device performances, but they still suffer from stability problems [4-
6]. The stability problem in PSCs contains thermal stability caused by their
high-temperature processing [7] and interface instability arising from
interlayers’ corrosion [8-10]. For these reasons, in recent years, a science named
perovskite solar cells’ interface engineering was developed [4, 9]. Regarding
polymers’ high crystallinity and ability to cross-link their adjacent layers, they
are the most outstanding selection for interface modification [11].

Moreover, utilizing polymers such as HTM can improve device stability and
increase efficiency due to their relatively better hole mobilities [12]. Generally,
ultrathin polymeric interfaces between the perovskite layer and HTM in
perovskite solar cells are a kind of HTMs and can perform hole transportation
processes [4]. Therefore, using polymeric HTMs and interfaces simultaneously
can help the hole transportation process and improve the device performance.

Despite different research around other types of solar cells (e.g., CIGS, CZTS,
GaAs, etc.) [13-15], regarding their relatively higher performances, perovskite
solar cells study has become an interesting issue for researchers in both
simulation and empirical phase in last decade. For instance, in 2020, a
simulation study was performed by Jalalian et al. [16] by using various organic
and inorganic HTMs including Spiro-OMeTAD, CuO, and Cu.O. Results
revealed Cu,O as the optimum selection with an efficiency of 22.12%. In 2021,
Rafiee Rafat et al. [17] compared using ZnO and TiO: in Pb-based and Sn-based
PSCs from the simulation view. Results represented the better performance for
Zn0O in Sn-based and TiO; for Pb-based PSCs.

However, regarding mentioned polymeric layers' acceptable results,
researchers performed some experimental and simulation studies about using
polymers as interfaces and HTMs in recent years. In 2018, Huang et al. [4]
investigated using P3HT, PTAA, MEH-PPV, poly-TPD, and PBDTTT-CT
polymers as interfaces between the absorber and HTM of a PSC. Results

38 Journal of Optoelectronical Nanostructures. 2022; 7 (2): 37-50



S.R. Hosseini et al. DOI: 10.30495/JOPN.2022.29720.1252

revealed that the performance of P3HT-modified PSC possessed a higher value
relative to other interfaces and non-modified cells. Another study was performed
by Cai et al. [18] in 2018 around employing PMMA, PEG, and MEH-PPV
interfaces. Results indicated that using PMMA as an interface revealed the best
result which approximately represented 2% higher efficiency relative to the
reference structure. In 2021, Hosseini et al. [19] performed a SCAPS-1D
simulation study around utilizing P3HT as an interface layer. Results
represented about a 2% increment due to the usage of the interface. In the case
of polymeric HTMs investigation, a simulation was performed by Tan et al. [20]
in 2016 around using Spiro-OMeTAD, PTAA, Cul, MEH-PPV, P3HT, PTV,
PCPDTBT as hole transporters. Among polymeric HTMs, PTAA resulted in
better power conversion efficiency (PCE) of about 17.44%.

In the present study, intending to select proper polymer layers, we tried to
study three different polymeric interfaces, including P3HT (thinner), PTAA, and
Poly-TPD, and four different HTMs containing PANI, PEDOT:PSS, P3HT
(thicker), and Spiro-OMeTAD from the performance and efficiency perspective.
For this purpose, we employed the SCAPS-1D simulation tool. Fig. 1
demonstrates the schematic of mentioned solar cell’s overall structure.

mterface

Fig. 1. The perovskite solar cell structure used in the present work
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2. MATERIALS AND METHODS

A. Simulation Environment

The main goal of the present work is the performance comparison of some
common polymers employed in the perovskite solar cells' structure. For this
purpose, we selected the simulation study utilizing a one-dimensional optical-
electrical software package named SCAPS-1D (Solar Cell Capacitance
Simulator). This program was developed by Marc Burgelman et al. at the
Department of Electronics and Information Systems (ELIS) of the University of
Gent, Belgium. The calculation in this software is based on basic Poisson and
electron and hole continuity equations [21].

For device simulation in this program, some crucial parameters of layers are
required. Moreover, other work points like temperature and spectrum should be
considered. Therefore, mentioned parameters for polymeric and non-polymeric
layers of the simulated PSC are collected in Table | and Table Il. The simulation
temperature was set at 300 K. The spectrum file is calibrated on A.M.1.5.

In this work, the overall perovskite solar cell structure that was introduced in
the simulation is Au (Back contact)) HTM/ polymeric Interface (if there are)/
CHsNH3Pbl; (absorber)/ TiO, (ETM)/FTO (Front contact). The work functions
of electrodes are Au= 5.1 eV, FTO= 4.4 eV. There are some reasons to employ
the mentioned materials as the studied PSCs constructing layers. For Back
Contact, we employed gold (Au). Despite its lower conductivity compared to
other metals such as silver (Ag) and Aluminum (Al) and higher work function,
its less chemical activity and lower oxidation makes it a more efficient
electrode. Therefore, in most studies about PSCs, Au is utilized as Back Contact
[22]. CH3NH3Pbl; was utilized as an absorber by many researchers because of
its inherent suitable properties that result in higher efficiencies [23]. TiO: layer
was chosen as a useful semiconductor in various applications such as solar cells.
It can be because of its high refractive index and chemical stability. Hence, such
as many other studies about PSCs, we utilized TiO, as ETM [24]. Finally, about
Front contact, in the PSC study case, most researchers utilize FTO because of its
suitable work function, low-temperature fabrication, and low operational costs
[25]. In the case of selection of the hole transporting material, we discussed in
detail using polymeric materials in the next section. Furthermore, Spiro-
OMeTAD was used as HTM for more compared with the polymers. It is
because of its less recombination, less series resistance, and high efficiency [23].
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TABLEI
LAYER PARAMETERS OF NON-POLYMERIC LAYERS EMPLOYED IN THE PRESENT WORK
[26]
Properties TiO; CH3NH3Pbl; Spiro-OMeTAD
Thickness (nm) 50 [4] 210 [4] 150 [4]
bandgap (eV) 3.2 15 3.06
electron affinity (eV) 3.9 3.9 2.05
dielectric pgrmlttlwty 9 30 3
(relative)
CB effective density of -} 55e,19 2.50E+20 2.80E+19
states (1.cm™)
VB effective density of -y 5oe19 2.50E+20 1.00E+19
states (1.cm™)
the thermal velocity of 4 45e 1.00E+7 1.00E+7
electron (cm.s™)
the thermal velocity of 4 45e 1.00E+7 1.00E+7
hole (cm.s™)
ili 2
mobility of electron (cm?. 5 5oe 49 5.00E+1 1.00E-4
(Vs))
ili 2
mobility of hole (cm. 4 goeg 5.00E+1 2.00E-4
(Vs))
dopant concentration of
donor Np (1.cm?) 1.00E+16 0 0
dopant concentratlog of 0 1 00E+17 1 .00E+18
acceptor Na (1.cm™)
Defect density N¢(1.cm3) 0 1.00E+13 0
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TABLE 11
LAYER PARAMETERS OF POLYMERIC LAYERS EMPLOYED IN THE PRESENT WORK [26]
. PEDOT: Poly-
Properties P3HT PSS PANI PTAA TPD [4]
Thickness (nm) 150,15 [4] 150 [4] 150 [4] 15 [4] 15
bandgap (eV) 1.05 15 2.46 [27] 3[20] 29
electron affinity (eV) 3.9 3.6 2.05 2.05 2.05
dielectric pe_rmltt|V|ty 3 10 3 3 3
(relative)
CB effective density of 1.00E+2 2.80E+1 2.80E+1 2.80E+1
states (1.cm™®) 1.00E+20 1 9 9 9
VB effective density of 1.00E+2 1.00E+1 1.00E+1 1.00E+1
states (1.cm™®) 1.00E+20 1 9 9 9

the thermal velocity of
electron (cm.s™?)

the thermal velocity of
hole (cm.s™)

mobility of electron

1.00E+7 1.00E+7 1.00E+7 1.00E+7  1.00E+7

1.00E+7 1.00E+7 1.00E+7 1.00E+7  1.00E+7

(cm2. (Vs)) 1.00E-4 1 1.00E-4 1.00E-4 1.00E-4

mOb"it)E\%)T;Ie (cmz2, 1.00E-4 40 2[725]5 5.([)é)oE]-4 1.00E-4
picectivec LR B B B

dopant concentration of 1.00E+16 1.00E+1 1.00E+1 1.00E+1 1.00E+1
acceptor Na (1.cm™) 9 8 8 8
Defect density N; 0 0 0 0 0

(1.cm?®)

B. Polymers Used

Understanding the structures and properties of mentioned polymers can help
to recognize their effects on their corresponding application. Therefore, here, we
tried to introduce some of the features of the polymers utilized in this study.

Despite other polymer candidates that could be used in this study, we tried to
select the most common ones employed in recent works [4, 18]. All of them in
both available layers, including interface and HTM, have some promotive
effects on the cell’s performance. For instance, utilizing them leads to less
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charge recombination, higher device stability, and generally higher efficiency
[4]. The chemical structure polymers employed in this work and their molecular
arrangement are demonstrated in Fig. 2.

/N
6 % leWeL
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P3HT PEDOT:PSS PANI PTAA Poly-TPD

OOk

Fig. 2. chemical structure of polymers employed in this study

3.RESULTS AND DISCUSSION

A.

In the first step, four different polymeric HTM, including P3HT, PANI,
PEDOT:PSS, and Spiro-OmeTAD, have been studied and simulated. We
compared the results in the form of photovoltaic parameters. Moreover, their
Current Density-Voltage behavior was obtained and demonstrated in Fig. 3.
According to the parameters' values reported in Table Ill, the short-circuit
current (Js¢) of P3HT and Open-circuit voltage (Voc) of Spiro-OMeTAD
possess a maximum amount compared to other polymeric HTMs. Besides,
PEDOT:PSS has 17.41% power conversion efficiency (PCE) and maintains
maximum efficiency among other HTM. Generally, it can be understood that
PEDOT:PSS and Spiro-OMeTAD represent better performance parameters. In
the present work, PEDOT:PSS was selected as the optimum HTM. In a similar
position, Karimi et al. [26] 2016 investigated the effect of hole-transporting
materials (Spiro-OMETAD, PEDOT:PSS, NPB, MEH-PPV, P3HT) on the
performance of perovskite solar cells. The results obtained from the simulation
with SCAPS-1D were 23.18% for Spiro-OMeTAD and 21.60% for PEDOT:
PSS.

Journal of Optoelectronical Nanostructures. . 2022; 7 (2): 39-52 43


https://dx.doi.org/10.30495/jopn.2022.29720.1252

A Simulation Study around Investigating the Effect of Polymers on the Structure ...

35.00

30.00 e Rue

%‘3 25.00 \

g | | [

T 20.00

= | | _JMI A |

- ‘-"‘%‘

E 15.00 y

g —&—P3HT \\

'g 10.00 i PAN]

© PEDOT:PSS \ \l_\
5.00 Spifo-OMeTAD \ b

N
0.00
0 0.2 0.4 0.6 0.8 1 1.2

Voltage (V)

Fig. 3. The current density-voltage curve of perovskite solar cell with a different kind of
Polymeric HTM

TABLE Il
PoLYMERIC HTM PHOTOVOLTAIC PARAMETERS

Voc Jsc 0 0

HTM Ny (mAsmy  FFO)  PCE(%)
P3HT 0.86 31.41 58.41 15.81
PANI 1.08 18.32 61.97 12.22
PEDOT:PSS 0.97 22.45 79.66 17.41
Spiro-OMeTAD 1.10 18.30 80.63 16.30

B. Effect of various Polymeric Interfaces

In the second step, with the optimum HTM (PEDOT:PSS), the effect of
modification of the PSC structure using the polymeric interface layer with a
thickness of 15 nm was studied. For this purpose, three polymers containing
P3HT, Poly-TPD, and PTAA were introduced. The overlapped results for the
PSCs (PEDOT: PSS-based) with and without interfaces were illustrated in Fig. 4
(It should be noted that PTAA-based and Poly-TPD-based PSC curves behave
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similarly. Therefore, yellow and red curves are overlapped). Furthermore, the
photovoltaic parameters of the mentioned cases were collected in Table IV.
According to the values, Jsc of P3HT-based and Voc of Poly-TPD-based and
PTAA-based structures revealed higher amounts. Besides, P3HT-based PSC
announced 18.77% efficiency and possessed better efficiency than other
polymeric interface layers. We can conclude that by inserting the interface layer
into HTM, the total thickness of HTM (HTM plus Interface) enhances. This
leads to rapid hole transportation, less recombination, and higher efficiency. In
general, the obtained results agreed with Huang et al. [4] who worked on
interface engineering of perovskite solar cells in 2018. They experimentally
proved that the device with a P3HT interlayer shows more brilliant long-term
stability than that without an interlayer when exposed to moisture. They
declaimed that the enhanced device performance based on P3HT interlayer
compared with the other polymers can be ascribed to the long hydrophobic alkyl
chains and the small molecule monomers of P3HT, which contribute to the self-
assembly of the polymers into insulating layers and formation of the efficient n-
n stacking in polymer/spiro-OMeTAD interface simultaneously [4].
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5 et
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g 00000000C0R0C0C000COO0000C00000000000000C
2 %
‘m 15.00 A O
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Fig. 4. Current density —voltage curve of perovskite solar cell with a different type of
polymeric interface layers
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TABLE IV
POLYMERIC HTM PHOTOVOLTAIC PARAMETERS

Jsc 0 0

Interface Voc (V) (MA.cm?) FF (%) PCE (%)
No interface 0.97 22.45 79.66 17.41
P3HT 0.97 24.19 79.55 18.77
Poly-TPD 1.11 18.30 81.23 16.43
PTAA 1.11 18.30 81.25 16.43

C. Overall Results

Generally, in the present study, photovoltaic parameters, including Open-
Circuit Voltage (Voc), Short-Circuit Current (Jsc), Fill Factor (FF), and Power
Conversion Efficiency (PCE), are calculated with four different kinds of HTM
and three various types of polymeric interface layers. All of the values of the
mentioned structures are reported in Table V and Table VI. The optimum result
was obtained for PEDOT:PSS as HTM and P3HT as polymeric interface layer
with a PCE of 18.77%.

TABLEV
EFFECT OF THE POLYMERIC HTMS AND INTERFACES ON PHOTOVOLTAIC
PARAMETERS (INCLUDING VOC, JSC, FF)

HTM P3HT PANI PEDOT:PSS Spiro-OMeTAD
interface VCO SCFF VCO JSC  FF VOC JSC FF  VOC JSC FF
P3HT 0.8 32.2 58. 1.11 20.5 75.6 0.97 24.1 79. 1.11 20.5 79.8
6 4 76 6 1 9 55 3 6
Poly-TPD 11 183 80. 111 183 570 111 183 81. 111 183 80.2
0 0 55 2 2 0 23 0 0
PTAA 1.1 18.3 80. 1.10 18.3 54.6 1.11 18.3 81. 1.11 18.3 80.5
o 0 53 2 2 0 25 0 6
TABLE VI
EFFECT OF THE POLYMERIC HTMS AND INTERFACES ON DEVICE EFFICIENCY (PCE)
HTM Spiro-
o P3HT PANI PEDOT:PSS  OMeTAD
P3HT 16.36 17.27 18.77 18.22
Poly-TPD 16.24 11.55 16.43 16.23
PTAA 16.23 11.05 16.43 16.29
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4, CONCLUSION

In this paper, we tried to study three different polymeric interfaces, including
P3HT (thinner), PTAA, and Poly-TPD, and four different HTMs containing
PANI, PEDOT:PSS, P3HT (thicker), and Spiro-OMeTAD from the performance
and efficiency perspective. For this purpose, we used the SCAPS-1D simulation
tool. As a result, first, the TiO,/CH3sNHsPbI;/HTM structure was simulated. The
maximum efficiency obtained was 17.41% for PEDOT:PSS polymeric HTM. In
the next step, with the optimum, we compared the outcome of a simulation on
interface-modified perovskite solar cells with different polymeric interfaces. For
the optimum PEDOT:PSS-based PSC, the best device efficiency result was
obtained 18.77% for the P3HT interface.

REFERENCES

[1] S. Cichosz, A. Masek, and M. Zaborski. Polymer-based sensors: A
review. Polymer testing. [online]. 67 (2018, May.) 342-348.

Available: https://doi.org/10.1016/j.polymertesting.2018.03.024

[2] W. Hou, Y. Xiao, G. Han, and J.-Y. Lin. The applications of polymers in
solar cells: A review. Polymers. [online]. 11(1) (2019, Jan.) 143.
Available: https://doi.org/10.3390/polym11010143.

[3] G. Li, R. Zhu, and Y. Yang. Polymer solar cells. Nature photonics.
[online]. 6(3) (2012, Feb) 153-161.

Available: https://doi.org/10.1038/nphoton.2012.11.

[4] L.-B. Huang et al. Interface engineering of perovskite solar cells with
multifunctional polymer interlayer toward improved performance and
stability. Journal of Power Sources. [online]. 378 (2018, Feb.) 483-490.
Available: https://doi.org/10.1016/].jpowsour.2017.12.082.

[5] M. Asghar, J. Zhang, H. Wang, and P. Lund. Device stability of perovskite
solar cells—A review. Renewable and Sustainable Energy Reviews.
[online]. 77 (2017, Sep.) 131-146.

Available: https://doi.org/10.1016/j.rser.2017.04.003.

[6] D.Wang, M. Wright, N. K. Elumalai, and A. Uddin. Stability of perovskite
solar cells. Solar Energy Materials and Solar Cells. [online]. 147 (2016,
Apr.) 255-275.

Journal of Optoelectronical Nanostructures. . 2022; 7 (2): 39-52 47


https://dx.doi.org/10.30495/jopn.2022.29720.1252
https://doi.org/10.1016/j.polymertesting.2018.03.024
https://doi.org/10.1016/j.jpowsour.2017.12.082
https://doi.org/10.1016/j.rser.2017.04.003

A Simulation Study around Investigating the Effect of Polymers on the Structure ...

Available: https://doi.org/10.1016/j.solmat.2015.12.025.

S. Roy and S. Datta. Applications of Polymers in Perovskite Solar Cells: A
Review. Ann. Chem. Sci. Res. [online]. 2 (2020, May) 1-4.

Available: https://doi.org/ 10.31031/ACSR.2020.02.000531

P. Da and G. Zheng. Tailoring interface of lead-halide perovskite solar
cells. Nano Research. [online]. 10(5) (2017, Jan.) 1471-1497.

Available: https://doi.org/10.1007/s12274-016-1405-2

H. Zhou et al. Interface engineering of highly efficient perovskite solar
cells. Science. [online]. 345(6196) (2014, Aug.) 542-546.

Available: https://doi.org/10.1126/science.1254050

W. Yu et al. Effect of ultraviolet absorptivity and waterproofness of poly
(3, 4-ethylenedioxythiophene) with extremely weak acidity, high
conductivity on enhanced stability of perovskite solar cells. Journal of
Power Sources. [online]. 358 (2017, Aug). 29-38.

Available: https://doi.org/10.1016/j.jpowsour.2017.05.007

[11] D. Wei et al. Moisture-tolerant supermolecule for the stability
enhancement of organic—inorganic perovskite solar cells in ambient air.
Nanoscale. [online]. 11(3) (2019, Dec.) 1228-1235.

Auvailable: https://doi.org/10.1039/C8NR07638C

D. Bi, L. Yang, G. Boschloo, A. Hagfeldt, and E. M. Johansson. Effect of
different hole transport materials on recombination in CHsNH3Pbls
perovskite-sensitized mesoscopic solar cells. The journal of physical
chemistry letters. [online]. 4(9) (2013, Apr.) 1532-1536.

Available: https://doi.org/10.1021/jz400638x

S. N. Jafari, A. Ghadimi, and S. Rouhi. Strained Carbon Nanotube (SCNT)
thin layer effect on GaAs solar cells efficiency. Journal of Optoelectronical
Nanostructures. [online]. 5(4) (2020, Autumn).

Available: 20.1001.1.24237361.2020.5.4.6.7

[14] A. Abdolahzadeh Ziabari, S. Royanian, R. Yousefi, and S. Ghoreishi.
Performance improvement of ultrathin CIGS solar cells using Al
plasmonic nanoparticles: The effect of the position of nanoparticles.
Journal of Optoelectronical Nanostructures. [online]. 5(4) (2020, Dec.) 17-
32.

[7]

[8]

[9]

[10]

[12]

[13]

48 Journal of Optoelectronical Nanostructures. 2022; 7 (2): 37-50


https://doi.org/10.1016/j.solmat.2015.12.025
https://doi.org/10.1126/science.1254050
https://doi.org/10.1016/j.jpowsour.2017.05.007
https://doi.org/10.1021/jz400638x
https://dorl.net/dor/20.1001.1.24237361.2020.5.4.6.7

S.R. Hosseini et al. DOI: 10.30495/JOPN.2022.29720.1252

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Available: https://doi.org/20.1001.1.24237361.2020.5.4.2.3 2020.

H. lzadneshan and G. Solookinejad. Effect of annealing on physical
properties of Cu2ZnSnS4 (CZTS) thin films for solar cell applications.
Journal of Optoelectronical Nanostructures. [online]. 3(2) (2018, Spring).
19-28. Available: https://doi.org/20.1001.1.24237361.2018.3.2.2.5.

D. Jalalian, A. Ghadimi, and A. Kiani Sarkaleh. Investigation of the effect
of band offset and mobility of organic/inorganic HTM layers on the
performance of Perovskite solar cells. Journal of Optoelectronical
Nanostructures. [online]. 5(2) (2020, Spring) 65-78.

Available: https://doi.org/20.1001.1.24237361.2020.5.2.6.3

S. Rafiee Rafat, Z. Ahangari, and M. M. Ahadian. Performance
Investigation of a Perovskite Solar Cell with TiO, and One Dimensional
ZnO Nanorods as Electron Transport Layers. Journal of Optoelectronical
Nanostructures. [online]. 6(2) (2021, Spring) 75-90. Awvailable:
https://doi.org/10.30495/JOPN.2021.28208.1224

Y. Cai et al. Enhancing the efficiency of low-temperature planar
perovskite solar cells by modifying the interface between perovskite and
hole transport layer with polymers. Electrochimica Acta. [online]. 261
(2018, Jan.) 445-453.

Available: https://doi.org/10.1016/j.electacta.2017.12.135

S. HOSSEINi, M. BAHRAMGOUR, A. NiAIE, and N. DELIBAS.
Interface Modification by Using an Ultrathin P3HT Layer in a Custom
Perovskite Solar Cell Through SCAPS-1D Simulation. Sakarya
Universitesi Fen Bilimleri Enstitiisii Dergisi. [online]. 25(5) (2021, Oct.)
1168-1179. Available: https://doi.org/10.16984/saufenbilder.947735

K. Tan, P. Lin, G. Wang, Y. Liu, Z. Xu, and Y. Lin. Controllable design of
solid-state perovskite solar cells by SCAPS device simulation. Solid-State
Electronics. [online]. 126 (2016, Dec) 75-80.

Available: https://doi.org/10.1016/j.sse.2016.09.012

M. Burgelman, P. Nollet, and S. Degrave. Modelling polycrystalline
semiconductor solar cells. Thin solid films [online]. 361 (2000, Feb) 527-
532. Available: https://doi.org/10.1016/S0040-6090(99)00825-1

A. R. Uhl. Metal counter electrodes for perovskite solar cells. Counter
Electrodes for Dye-sensitized and Perovskite Solar Cells. [online]. 2
(2018, Sep.) 421-456.

Journal of Optoelectronical Nanostructures. . 2022; 7 (2): 39-52 49


https://dx.doi.org/10.30495/jopn.2022.29720.1252
https://dorl.net/dor/20.1001.1.24237361.2018.3.2.2.5
https://dorl.net/dor/20.1001.1.24237361.2020.5.2.6.3
https://dx.doi.org/10.30495/jopn.2021.28208.1224
https://doi.org/10.1016/j.electacta.2017.12.135
https://doi.org/10.16984/saufenbilder.947735
https://doi.org/10.1016/j.sse.2016.09.012
https://doi.org/10.1016/S0040-6090(99)00825-1

A Simulation Study around Investigating the Effect of Polymers on the Structure ...

Available: https://doi.org/10.1002/9783527813636.ch17

[23] I. Hussain, H. P. Tran, J. Jaksik, J. Moore, N. Islam, and M. J. Uddin.
Functional materials, device architecture, and flexibility of perovskite
solar cell. Emergent Materials. [online]. 1(3) (2018, Nov.) 133-154.
Available: https://doi.org/10.1007/s42247-018-0013-1

[24] K. Ahmadi, A. A. Ziabari, K. Mirabbaszadeh, and S. Ahmadi. Synthesis of
TiO2 nanotube array thin films and determination of the optical constants
using transmittance data. Superlattices and Microstructures. [online]. 77
(2015, Jan) 25-34. Available: https://doi.org/10.1016/j.spmi.2014.10.024

[25] A. Way et al. Fluorine doped tin oxide as an alternative of indium tin
oxide for the bottom electrode of semi-transparent organic photovoltaic
devices. AIP Advances. [online]. 9(8) (2019, Aug).

Available: https://doi.org/10.1063/1.5104333

[26] E. Karimi and S. Ghorashi. Investigation of the influence of different hole-
transporting materials on the performance of perovskite solar cells. Optik
[online]. 130 (2017, Feb.) 650-658.

Available: https://doi.org/10.1016/j.ijle0.2016.10.122

[27] R. Rutsch and J. Tousek. Mobility of Holes and Polarons in Polyaniline
Thin Films Determined by Impedance Spectroscopy Measurements.
Presented at WDS'18 Proceedings of Contributed Papers — Physics.
[online]. (2018) 180-186.

Available:
https://www.mff.cuni.cz/veda/konference/wds/proc/pdfi8/WDS18 28 4
Rutsch.pdf

50 Journal of Optoelectronical Nanostructures. 2022; 7 (2): 37-50


https://doi.org/10.1016/j.spmi.2014.10.024
https://doi.org/10.1063/1.5104333
https://doi.org/10.1016/j.ijleo.2016.10.122

