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Abstract:

Alternate CuO instead of Novel low-cost Polyaniline (PANI)-single wall carbon
nanotubes (SWNT or SWCNT) nanocomposite — as a hole transport materials,
substitutes by thin film of CuO designed as HTM in applications of Perovskite solar
cells. The HTMs were prepared by a facile steps reaction from cheap starting
material. These HTMs exhibit good solubility and charge-transport ability but it has
big issue regarding temperature due to degrade the conductive polymer, in the same
time using ZnO NW as ETM. The perovskite based on PANI-SWNTSs achieved
power conversion efficiency (PCE) of 5 % under air conditions. For perovskite , we
found that the solar cells synthesized based on vertical ZnO nanowire arrays by using
perovskite organic materials of CH3NH3Pbl; as active absorber materials ,Pani-
SWNT enable better photovoltaic performance than using CuO as HTM theoretical
study by using simulator SCAPS solar cells . These results show that using CuO
instead of PANI-SWNTs- HTMs have great prospect to replace the Pani-SWCNTSs
which is the most widely used HTM to obtain high —stability devices with
temperature
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I INTRODUCTION

solar energy, which represent a very clean and

The fast industrial development to overcome the
population growth during the past decades have led
to an increase in the global demand for energy. on
the other hand, the energy needy is still mainly rely
on the fossil fuels, which are known to face the
problem of shortage and are going to deplete in the
future. for that reason, the progressively more severe
energy calamity has urged people to recover need of
energy in the same time clean and renewable
alternatives to fossil fuels. The alternative is the
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sustainable alternative energy source that can offer
unlimited supply of energy for the human.
Consequently, the main challenge now is how to
collect the solar energy in a best efficient way. The
technologies of solar energy, which called
photovoltaic (PV), is directly converts solar energy
into  output electric power, which represent
promising strategy to face the shortage in electric
energy now. The generation of solar cells which
depend on the structure of organic-inorganic hybrid
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perovskite materials, have attracted vast attention
through the past few years. Since the first report of
the perovskite material solar cells in 2009 [1] where
the efficiency of perovskite solar cells (PSCs)
reached a value over 23% [2], showing an
exceptional fast increase rate. PSCs have achieved
equivalent photovoltaic performance to copper
indium gallium selenide (CIGS) solar cells which is
22.9% , and are competitive of monocrystalline
silicon solar cells which is 26.1% for
single-junction silicon cells [2] .The perovskites
materials have been represented as a ideal materials
for solar cells applications, which attributed to
their physical optoelectronic properties, facile of
processing, and low fabrication costs. Lately, there
are reports about the modification of hole
transparent material such as nanocomposite
conductive polymer /carbon nano tube  because it's
cheap and easy fabricate of the PSCs like polyaniline
/SWCNTS nanocomposite material for block
electron to get back to the cathode. The HTM are an
essential building block of PSCs architectures.
Copper oxide is brown very stable solid
semiconductor ,and has band gap around 1.2 eV [3]
.CuO which is metal oxide represent a p-type
semiconductor ,and has monoclinic structure with
high  adsorption coefficient with electrical
conductivity between 10 to 105 Ohm .cm the first
work reported of solar cells simulation by Lee using
1 dimension program developed by [4] ,lee and Gray
[5] In this article, we provide experimental and
theoretical results recent research work about the
applications CuO as HTM instead of nano
composite PANI/SWCNTS in PSCs (HTM) are
crucial to develop high —throughput this for
enhancing the stability and cost effectiveness of
PSCs , including experimental ,and theoretical
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study and change the organic HTM which is not
stable  with in organic semiconductor  hole
transporting, Mechanisms about on how the
nanocomposite PANI/SWCNTS can contribute to
the solar cells operating performances or increase
the stability of PSCs and compare study with
CuO Thin film were discussed.

I NUMERICAL MODELING AND
SIMULATION

Many modeling and simulating tools are
accessible to day .Solar cells software program in
which is solar cells Analysis program in 1 dimension
iIs SCAPS software .A lot of solar cells modules has
been used different types of semiconductor materials
For our current work ,SCAPS used for the
simulation of perovskite solar cells of
ZnO/Ch3NH3pbl/CuO perovskite solar cells .The
nanostructure of solar cells ZnO/Ch3NH3pbl/CuO
hetrojunction solar cells was simulated at different
working point temperature and subjected to different
environment temperature for heat investigation by
using SCAPS .

1l SOLAR CELLS CAPACITANCE
SIMULATION (SCAPS)

The simulation package of solar cells structures
adapted firstly at Gent University using the structure
of CdTe and CulnSe2 family [3].The SCAPS
describes the performance of a solar cells
mathematically using finite difference methods to
solve the differential equations with number of laws
and relation in physics of solar cells .SCAPS is
numerical solution of the two poison equation and
continuity equations on the boundary conditions
appropriate  to one dimension or two.[6] The
express of equations as shown below
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vw:_ggp_n+ND_Nﬂ (1)

v.J,=d(G-R) (2)
V.J,=4(R-G) 3)

Jp = =0, PVV, —KT 11,V , 4
J, =—qu,nVVn+KT 1, Vn (5)
V,=V-(1-y)AG/g (6)
V,=V+,AG/g (7)

Egs 5 and 5 represent the hole and electron
current density

Where V, and V, are the effective potentials
expressed in Eqs6 and 7 . AG is variation in
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the band structure represent the

Ho s

mobility of electron and hole respectively .

IV CuO (HTM)Absorber (perovskite )/ZnO
(ETM)

The absorber layer is made of perovskite materials
(CH3NH3pbl) .which has electron affinity of 4.15
and very high hole mobility [7] CuO as HTM
,ZnO as electron transport materials (ETM),Al as
front contact .

V SIMULATION RESULTS
SCAPS simulation of CuO/Perovskite /ZnO
The parameter data used for the SCAPS
simulation were adapted from literature [8,9]

Table 1
Summary of parameters used for perovskite SCAPS modeling [8,910,11,12].
Parameter CuO CH3NH3PDbI ZnO
Thickness (um) 1 0.7 0.3

Band gap(eV) 1.5 1.4 3.3[13],[8]

Electron affinity(ev) 4.06 4.19 4.6[14]

Dielectric permittivity 18.10 6.4 9[14],[9]

CB effective Density of State (1/cm) 2.2E+19 2.20E+18 2.2E+18
VB effective Density of State (1/cm) 5.5E+20 1.000E+18 1.8E+19
Electron thermal velocities (cm?/vs) 10E+1 1.00E+6 1.00E+7

Shallow uniform donor density ND(1/cm?) 0 0 1.0E+1

Hole thermal velocities (cm/S) 1.0E-1 1.00E+6 1.0E+7
Shallow uniform accepter ND(1/cm?) 1.0E+16 3.2E+15 0

VI EXPERIMENTAL DETAILS
1. Growth of ZnO nanowires (NW):
The ZnO NW arrays that vertically aligned have
been fabricating on glass substrates (FTO) by

Published by: The Mattingley Publishing Co., Inc.

electrochemical method at low temperatures. The
ZnO thin films layer were initially grown on the
FTO glass as substrate using 0.05M zinc nitrate
from Alpha Aessar company that was melted in a
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blend of methanol and Deionized water (50v:50v).
The time and temperature of the growth were 5min
and 70°C, respectively. A voltage of -2.5V was
applied with two Au electrodes, that were used as
working electrode which joined to the FTO substrate
and as a counter electrode. ZnO NW arrays were
then grown in the next step on the ZnO thin film by
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using an electrolyte, which consists of 0.01M zinc
nitrate and 0.01M hexamethylenetetramine in
de-ionized water. The temperature of this growth
was kept at 95°C under a -2.6V of applied potential
between working and counter electrodes as
mentioned in our previous manuscripts [3].

Fig.1. SEM images of Nanocomposite materials PANI-SWNTS the scale is 100 nm each 2mm

2. Electrochemical polymerization of PANI

In this step, the aniline monomer was used after
filtering with reduced pressure and melting in a 1M
sulfuric acid to prepare 0.1M electrolyte. Then, the
polyaniline was fabricated using a galvanostatic step
method under a 3V of applied voltage. FTO glass
substrate in area of a surface to be 1.5cm? and a
paper clip were used as a working electrode and as a
counter electrode, respectively. The estimation of
the electro deposited polyaniline amount was done
by calculate different weighing the working
electrode before and after the electro deposition.

3. Fabrication of PANI-SWNT composite thin-film
In this work, cheap SWNTSs were used that have a
purity of more than 99 wt%. The dimensions of these
tubes are 1-2nm, 0.8-1.6nm, and 3-30um for the
outer diameter, the inner diameter and the length,

Published by: The Mattingley Publishing Co., Inc.

respectively. (0.1mg) of SWNTs were first melted in
Iml DMF under sonication for 3h, and then
air-brushed onto FTO glass. After that, PANI was
precipitated on top of SWNT/FTO glass, and filled
the tiny spaces and voids in the network of SWNT.
The produced PANI-SWNTs nanocomposite film,
that seems to have its two components distributed
and mixed uniformly with each other, is shown in
the cross section image in Fig.1

1. Solar cell fabrication

After preparing FTO glass/ZnO NW structure,
perovskite solution was immersed on it and let to
dry. Then, the surfaces of both FTO/PANI-SWNT
and FTO/ZnO NW/perovskite structures were
exposed with a mixture of [CH3NH3Pbls]. The final
solar cells' structure was carried out by sandwiching
the FTO glass/ZznO NW/ perovskite and
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PANI-SWNT/FTO glasses as it can be seen in Fig. 2.

January - February 2020
ISSN: 0193 - 4120 Page No. 10180 - 10189
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<—ZnO thin film

«8§—TTOglass

Fig.2.illustration of the ZnO nanowires/perovskite / PANI-SWNT nanocomposite perovskite solar cells'
structure.

VIIRESULT AND DISCUSSION

PANI returns to the conducting polymers' group
with non-degenerate ground state, which drastically
affects its electrical and optical properties [11]. The
essential charges in the conductive polymer are
polarons, so effective quantity of doping, bipolarons
instead of solitons [12]. Typical Band gap value of
pristine PANI is about 400 nm, and it depends

mainly on conditions of fabrication [13]. In addition,
PANI exhibits high absorption of sub-band gap, that
can be understood because of the transitions between
valence band, polaron, and soliton states PANI
offers only very low photoluminescence (PL)
quantum yield although its strong broad-band
absorption in comparison with other polymers with
non-degenerate ground state .[14]

Current(mA/cm’)

.
\ =, —=— D-SWCNTS
-

—=— D-SWCNTS
—o— L-PANI as HTM

—=— L-SWCNTS as HTM
—=«— D-PANI SWCNTS

=— L-PANI SWCNTS HTM

e rat

Voltage(V)

Fig.3. Characteristics of Photocurrent — Voltage curve of DSSCs with PANI and
PANI-SWNTs carried out under typical 100 mA/cm? light irradiation

From Fig. 3, it can be seen that there is a
significant improvement in the performance of the
PSCs when using PANI-SWNTs as HTM. The cell
with SWNTSs produces higher values in all solar cell
parameters overall. It has higher output current then
the one with pristine PANI. Also, its short-circuit
current density Jsc is enhanced from 4.5 to 11

Published by: The Mattingley Publishing Co., Inc.

mA/cm?, and its open-circuit voltage Voc IS
increased from 0.38 to 0.56 mV. Moreover, the fill
factor FF is improved from 20% to 30%, and the
conversion efficiency is enhanced from 1.55to 5 %
by using SWNTSs. These results demonstrate that
using SWNTS plays an important role in solar cell
performance, and would increase its conversion
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efficiency to two times. This improvement can be
understood from the impact of the increment of
contact area between the PANI-SWNT (HTM) and
the ZnO (ETM), which provides efficient charge
transportation in PCSs.

Effect of changing in environment temperature on
the perovskite solar cells ,Sun light inter the window
of solar cells through the substrate and CuO in to
the absorber materials which is perovskite
typical (p-i-n) hetrojunction

in a
.The temperature

illuminated from
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increase in the summer session ,and degrease in the
winter in this study the perovskite is used as the
absorber layer ,CuO as a hole transport materials
,and ZnO as Electron Transport materials .In
addition to study on effect of increase or degrease
the temperature on the efficiency, I-V characteristic,
and Full factor. The spectrum used for the structure
of solar cells from 200 nm — 1000 nm .A schematic
representation of the structure solar cells which
simulated by SCAPs is shown in fig 4

current reference as a

r consumer

generator

apply voltage Vio:
left contact
right contact

Invert the structure

J

leff contoct
bock

right conloct
frani

numerical settings
Problem file

c\Users\k\Desktop\Computeridef
Perovskite CuQ Zn0 .def
last saved: 3-12-2019 at 19:16:53

Remarks (edithere)

SCAPS 3.3.07 ELIS-UGent Version scaps3307.exe, dated 21-02-2019, 18:14:46 Problem c

last saved by SCAPS: 03-12-2019 at 191653

SCAPS Example definition file

new | load | save |
- corct_| o)

Fig. 4.SCAPS panel showing the CuO/CH3NH3PbI /ZnO hetrojunction solar cells definition

The efficiency is calculated from eq 8

|:F)((\/ocx‘] SC)
= P

in

(8)

The results of simulation I-V characteristic like
FF, Vo, Jsc ,and PCE of the perovskite solar cells
with varying environment temperature as shown in
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the table 2 where the highest efficiency is 3.05 %
with J,:=5.57 mA/cm? ,FF =57.85 % and V,=0.947
is achieved when the temperature at 250 K ,there
fore the best result at very low temperature to be
very appropriate to work in space .when the
temperature was increased from 250 K to 350 K
the PCE ,and Js. degrees due to reduce
production of the electron hole pairs in the
perovskite materials with increase temperature as

in
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shown in the figure 5 .

From the figure 5 the open circuit voltage
digresses gradually with increase temperature, it can
adjust the efficiency with temperature due to control
of the recombination, generation, and a collection of
the charge carriers so the best temperature of
perovskit solar cells with CuO as HTM is 250 k.
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In the same time, it can be seen that the device of
perovskite solar cells of (CuO/CH3NH3PbI) has
very high stability with temperature as shown in the
figure 5 the changing is small in parameter, which
can conclude that the stability base temperature is
very stabile and resistant to temperature[15-19].

Table 2
the parameter of the CuO /CH3NH3PbI/ZnO hetrojunction solar cells
T(K) Vo Jse FF Efficiency
250 0.947 5.5722 57.85 3.05
260 0.9286 5.5846 57.77 3
280 0.8855 5.6177 57.01 2.84
290 0.8628 5.639 56.33 2.74
300 0.8285 5.667 56.24 2.64
310 0.8164 5.7 54.47 2.54
320 0.7931 5.740 53.29 2.43
330 0.7697 5.786 51.96 2.31
340 0.7463 5.8369 50.50 2.2
350 0.7228 5.892 48.93 2.08

100 T T T

= openvoltage

+ Usc
FillFactor

w Efficiency

*» » L -. L L L L L -

v L

w w L - -
v ¥ -
1 5 | ] ™ u - ]
u - [ ™ -
1 1
240 280 280 200 220 240 280

Temperture (k)

Fig. 5. The variation of solar cell parameter with the temperature
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Fig. 6. Stability of Efficiency of perovskite photovoltaic for CuO, and PANI/SWCNTS as HTM

The perovskite solar cells stability shown in figure
6 .As we can see from the figure that the practical
relevance efficiency remains stabile with time for
CuO thin film , comparing with PANI/Swents its
short device operation time at 20 hour the
efficiency was 5 % then after 500 hour become 2.9
% the percentage of reduction is 42 %. while the
CuO thin film degrees from 2.64 % at 20 hour to
2.07 % the percentage reduction is approximately 21
% which means two times more satiability than the
device with PANI/Swents ,so the device
performance is not degraded during aging for the
device with CuO thin film that’s mean the device
with Pani/Swecnts despite of it has higher efficiency
but has short device operation time as HTM .

VIII CONCLUSION
In short, we have fabricated and simulated the
perovskite solar cells using two type of HTM,The
Organic HTM which is  polyaniline-single wall
carbon nanotube (PANI-SWNT) composites,and in
organic CuO thin film. The in organic HTM of CuO
which theoretical study with different environment

Published by: The Mattingley Publishing Co., Inc.

temperature used in perovskite solar cells (PSCs).
ZnO nanowire arrays were deposited vertically on
ZnO buffered FTO glass and applied as a 3D photo
anode. High efficiency PSCs were designed by
sandwiching the FTO glass/ZnO NW/ perovskite
and PANI-SWNT (HTM)/FTO glasses. Our study
stated that 5% power conversion efficiency of PSCs
was obtained from the device with PANI-SWNT
composite as HTM considerably higher than that
built with in organic CuO HTM where reached 3 %
by adapted SCAPS software . Also the study with
variety of temperature with best efficiency 3.05 % at
250 K to be amazing device work at low temperature
specially in space ,in the same time it has high
stability with variety of environment of
temperature. light conversion enhancement is due
to effective improvements in Hole transport in the
PANI-SWNT composites, and enhanced photon
absorption due to the ZnO array's vertical structure.
In addition,study The stability issue for long term
of perovskite solar cells with both HTM  where
CuO more stable than the device with Pani/Swcnts
nanostructure as HTM.

10187



"TIEST

Engineering & Management

IX ACKNOWLEDGMENTS

WE WOULD LIKE TO THANK MARK BURGELMAN

,THE
(ELIS),UNIVERSITY  OF

information SYSTEM
GENT ,BELGIUM ,FOR

ELECTRONIC AND

PROVIDING US THE FREE ACCESS OF SCAPS
SIMULATION SOFTWARE .

[1].

[2].

[3].

[4].

[5].

[6].

[71.

[8].

X REFERENCES
AbdulAlmohsin A, Mohammed M, Li Z,
Thomas M, Wu K, and Cui
J.(2012)Multi-walled carbon nanotubes as a
new counter electrode for dye-sensitized
solar cells. Journal of nanoscience and
nanotechnology 12 (3):2374-2379 .

Best Research-cell Efficiencies, NREL,
2018. https://www.nrel.gov/pv/assets/
images/efficiency-chart-20180716.jpg.
Burgelman M, Nollet P, and Degrave
S.(2000)Modelling polycrystalline
semiconductor solar cells. Thin Solid Films
361:527-532 .

Xosrovashvili G and Gorji  N.(2013
Numerical analysis of TiO2/Cu2ZnSnS4
nanostructured PV using

SCAPS-1D.Journal of Modern Optics 60
(11): 936-940.

AbdulAmohsin S, Cui J, and Mohammed
M.(2013)presented at the IEEE 39th

Photovoltaic Specialists Conference (PVSC):

003366-003371.

Kline R and McGehee M.(2006)
Morphology and charge transport in
conjugated polymers.Journal of

Macromolecular Science Part C: Polymer
Reviews 46 : 27-45 .

Harbeke G, Baeriswyl D, Kiess H, and
Kobel W.(1986) Polarons and bipolarons in
doped  polythiophenes.Physica  Scripta
13:302-307.

Yang R, Naoi K, Evans D, William H, and
Hendrickson W.(1991)Scanning tunneling
microscope study of electropolymerized

Published by: The Mattingley Publishing Co., Inc.

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

January - February 2020
ISSN: 0193 - 4120 Page No. 10180 - 10189

polypyrrole with polymeric anion. Langmuir
7 (3): 556-558 .
Antony M and Jayakannan
M .(2007)Amphiphilic azobenzenesulfonic
acid anionic surfactant for water-soluble,
ordered, and luminescent polypyrrole
nanospheres,The Journal of Physical
Chemistry B 111 (44): 12772-12780.
Galat P, Dzurnak B, Maly P, Cermak J.et
al .(2013)Chemical changes and
photoluminescence  properties of UV
modified polypyrrole.Int. J. Electrochem.
Sci 8:57-70 .
Chen Q , Huang Y, Huang P, Ma T, Cao C,
and He Y  .(2015)Electronegativity
explanation on the efficiency-enhancing
mechanism of the hybrid inorganic—-organic
perovskite ABX3 from first-principles study.
Chinese Physics B 25 (2):027104-027109.
Amu, Tochukwu Loreta. (2014)
Performance Optimization of Tin Halide
Perovskite Solar Cells Via Numerical
Simulation.
Hodes G (2013) Perovskite-based solar cells.
Science 342:317-8.
Lin P, Lin L, YulJ, Cheng S, Lu P, and
Zheng Q.(2014)Numerical simulation of
Cu2ZnSnS4 based solar cells with In2S3
buffer layers by SCAPS-1D. Journal of
Applied Science and Engineering 17
(4):383-390 (2014).
Das, B. and KJ, M., 2017. Disability In
Schizophrenia and Bipolar  Affective
Disorder. International Journal of
Psychosocial Rehabilitation, 21(2).
Elsass, P., Regnnestad, M.H., Jensen, C.G.
and Orlinsky, D., 2017. Warmth and
Challenge as Common Factors among
Eastern and Western Counselors? Buddhist
Lamas' Responses to Western
Questionnaires. International  Journal  of
Psychosocial Rehabilitation, 21(2).
Weston, S.M., Martin, E.D., Shippen, M.E.,
Kraska, M.F. and Curtis, R.S., 2017. Parents
10188


https://www.nrel.gov/pv/assets/

"TIEST

Engineering & Management

with Serious Mental Iliness Served by Peer
Support Specialists. International Journal of
Psychosocial Rehabilitation, 21(2).

[18]. Griffiths, C.A., 2017. Determinates of
mental illness severity. International Journal
of Psychosocial Rehabilitation, 21(2).

[19]. Lau, H.Y., 2017. Family Therapy and
Cognitive Behavioral Therapy for a Case
with Co-morbidity of Depression and
General Anxiety Disorder in Hong Kong-A
Single Case Study. International Journal of
Psychosocial Rehabilitation. Vol 21 (2)
21, 30.

© 2019 the Author(s), licensee AIMS Press. This is
an open access article distributed under the terms of
the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

<

A

g;% AIMS Press

© 2020 author name, licensee AIMS Press. This is
an open access article distributed under the terms of
the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

A

AR

% AIMS Press

Published by: The Mattingley Publishing Co., Inc.

January - February 2020
ISSN: 0193 - 4120 Page No. 10180 - 10189

10189



