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GENERAL INTRODUCTION

Renewable energies, like photovoltaic energy amsidered as clean and
sustainable energies. This solar energy convergsttl light radiation in electricity.
This technology showed an enormous developmelttenast years and represents an
important part of our present and future energy. mix

Therefore, it is important to know its potential danergy conversion
mechanism. The solar cell is an essential deviteisnarea.

At the time of today we distinguish three generaiof photovoltaic cells according
to their technologies.

Third generation solar cells like Organic Cells {3 [2], Photovoltaic Dye
Cells (D-SSCs)[3], quantum dot solar cells (QDS{2@$)and perovskite solar cells
(PSCs) aim to pass the Shockley-Queisser limit [1].

These next-generation cells boast several advesitazyyer conventional
inorganic solar cells. They excel at capturing gimldue to their impressive light
absorption (1.50 x¥@m?), the charges generated within the cell travehferthanks
to diffusion lengths exceeding 1 micrometer forhbetectrons and holes [5,6]. This
efficient light capture and charge transport trateslto significantly higher open

circuit voltage, reaching over 1 Volt comparedtte typical 0.7 Volts in silicon cells.

While perovskite solar cells (PSCs) show impressfficiency, their limited
lifespan under real-world conditions hinders theiidespread use. Research has
pinpointed moisture as a key culprit, with chemibstakdown occurring rapidly in
humid environments. The key to unlocking the loeg¥t potential of perovskite solar
cells (PSCs) lies in finding either stable perotesknaterials or designing devices that

resist degradation, as highlighted in [8].

Moreover, PSCs are delicateto elevated temperaturemidity, oxygen
andUV-light: factors that are delaying their comai@ization [9].

While a compound called methylammonium lead iodi@&lsNH3sPbk) has
been the star player in PSCs, it comes with a dol@nséead is toxic to humans. So,
scientists are on a global mission to find a slétaddternative that shines just as
bright, but without the harmful side effects. [10]
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Replacing the toxic materials in perovskite satalls with CHNH3Pbk is
possible. This compound, has a direct bandgap &Y, acts as an absorber layer

and avoids the toxicity of typical perovskite nrédks [11].

Spiro-OMeTAD, a hole-transport material (HTM), haarned widespread
popularity in the fields of organic photovoltaic®RV) and organic optoelectronics
[12], but it is the reasons forthe deteriorationthia devices performance and the field
is still research active [13]. Finding alternativtesspiro-OMeTAD is crucial for the

advancement of perovskite solar cells.

Our thesis is split into three chapters. We presenthe first chapter the
generalities on the different generations of pholiaic cells. After a description of
the different types of inorganic cells and orgacells, and we develop more
specifically the hybrid cells based on perovskimally, we introduce the various
solar photovoltaic systems. Off-grid photovoltainstallations and On-grid
photovoltaic installations (connected to the nelydifter a presentation on the main

factors to consider.

We detail in the second chapter the strategiesevkldping the long-term
stability of the PSCs. Particularly (mixed catigr(&yixed cations of divalent metals),
(mixed halides), (mixed cations with mixed catiook divalent metals), (mixed
cations with mixed halides), (mixed cations of dve metals with mixed halides)
and also (the mixed cations with the mixed catiohdivalent metals with the mixed
halides).

The third chapter is divided into two parts:

We presented in the first part, one hand, modetimaif Tin based perovskite
solar cell using three different HTMs layers (PEDQHSs, Spiro-OMeTAD and
Cw0). We proposed the ZnO (Zinc Oxide) as an (ETMg p¥esent key findings on
the impact of active layer doping level, thickness\d temperature on device
performance, summarized for clarit9n the other hand, two kinds of electron
transport materials (ETMs) have been compared aatyzed with a diverse Hole

transport materials (HTMs) and two different actiagers (MAPb} and MASN}).
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This comparative workas been done between eleven structures (five rof ou
own structures and six we used as a referenceg¢fdgaing TiQ with ZnO as ETM
layer with perovskite (MAPRIand MASN}) and (Spiro-OMeTAD, PEDOT:PTT,
Cw0O and Cul) as HTM layers.

We present in the second part of the third chapterovel simple process for
encoding voices and text onto a laser beam andridéimg them over long distances
using a perovskite solar cell (Wireless local retwbased on PSC programmed with
the Arduino), is described. We presented a comiparatmulation between the PSC
and the silicon (monocrystalline) solar cell. Firdte simulation and the prototype
with the silicon-based solar cell were made. Andlumow, only the simulation part

has been validated with the perovskite solar cell.

While economically impractical, the prototype holdesearch potential for
laboratory implementation. On the one hand, a s@my realization of sustainable
disinfection tunnel (SDT) to reduce viruses lessntial than Covid19 which are
transmitted by touch, with the use of solar enef@g.the other hand, a study and
realization of a wifi station and solar powered grpfione chargers with a multi coin
selector. This makes it possible to highlight th tprinciples of environmental
conservation, the green economy (using the solgrd\Wvell as the opening of the

workstation.
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l. Introduction:

Semiconductors are categorized according to chémarapositions. There are
simple semiconductors such as Si, Ge, Sn (Tin)chvhil fit in to group IV of the
periodic table. There are also composite semicdodsicbinary, ternary, quaternary

respectively consisting of two, three and fouretiént chemical species.

These elements can be from group IV, such as 8ilicarbide (CSi), may also be
from group (lI-VI/ CdTe), (I-VII / Copper chlorige(IV-VI / sulphide of Lead PbS),

(V-VI/Bi2Te3), the most common being IlI-V semicaralors due to their properties:
- Robust - High thermal conductivity - high meltipgint.

We begin this first chapter by presenting the défé generations of solar PV cells.
Then we are interested in the state of the artgerkralities of different types of
photovoltaic cells including inorganic, and orgapi®duced until today. Then we
present the hybrid perovskite photovoltaic cellse wtart with its crystalline

structures, its operating principles. This will telowed by defining the techniques

and methods most requested for the depositioni®hihaterial
Il. Different generations of Cells

1- First (01) generation:
The first generation of solar cells uses crystallgilicon (monocrystalline-
polycrystalline) as the absorbent material. Thesjiom is the homojunction (n-Si / p-
Si).

This material has a lot of advantage, on the onad h& exhibits stable photo-
conversion efficiency and being very abundant enehrth's crust. On the other hand,
it is a non-toxic and very reliable PV cell matérfid] and the technology of this

material is mature and is well developed in miceotbnic field.

The disadvantage of the technology of this matésigie use of a very pure Si
with a thickness of about 200 um, which resultshigh production costs. This
material is a poor light absorber due to its inclirenergy bandgap of about 1.1 eV at

chamber temperature [2].
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2- Second (02) generation:
A second generation of cells based on thin filmemals. The principle of
thin-film cells is the economic use of materialsratation to the physical properties
and the simplicity of the technologies used foiirthealization(easy and inexpensive

elaboration)and to use much thinner absorber nadéearound 2 um thick [3].

The main materials used as thin film absorbers aan®rphous Si (a-Si), micro-
crystalline Si(uc-Si), CdTe, CIGS, CZTS, GaAs,alldpinary, ternary, quaternary),
refractory compounds (oxides, nitrides, carbide®rmetallic compounds and

polymers.

3- Third (03) generation:

This generation is focused on attainment a highcieffcy (PCE) than
compounds mono cells and reducing the cost pertyattally by the progress of new
materials [4], such as Thin film, solar inks, organnanostructure, polymere,
moleculare, dye sensitized, perovskite.

All these types of solar cells are of specific rast because of their simple and

modest fabrication method and high conversion iefficy [5].

- Development photovoltaic efficiency

Best Research-Cell Efficiencies

Ceystaline 5i Celis
T et
O W

# Siicon heterosiuchess (HIT)
inwfim crysial

Cell Efficiency (%)

Figure 1 1 Best research-cell efficiencies[5]

[l. Standards of choice of materials for PV.

1) PV conversion:

e
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* Efficiency = P provided / P indent
* Adaptation of the material to the radiat
2) Material cost:
* Availability
* Amount of material required
3) Energy payback tim
* 01 to 03 years
4) Component toxicity:

5) Integration / Aesthetics
V. Different types of photovoltaic cell

1. Inorganic photovoltaic cells :

a. Monocrystalline silicon :

The perfectsilicon has atoms that are regulaorganizedaccording to th
structure of the diamond. A double cubic networkhwa centered fa [19].Thus each
atom of silicon, element of column IV of theriodic table, ispositionec in a
tetrahedral environment shown schematically in f@g8l below, whose int-atomic
distance of these four neighboring atoms is d $A.3thuscreatingcovalent bonds

and that the angle formeamid two atoms is 109.28 °.[20]

Figure 12 silicon diamond structure [20]

Monocrystalline silicon is a material that is cldesized by a forbidde

energy band "gap”, Eg = 1.12 eV at room temperatsrghown in Fi 03 below.
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c-Si

LogN(E)

valence conducton
Bande Bande

>
l Ev Ec Energy

Figure 1 3 Crystalline structure and energy bandgitam [20]

b. Hydrogenated amorphous silicon (a-SH):
On the other hand with crystalline silicon, thenaito organization in amorphous
silicon is not regular [20], its structure is press the tetrahedral configuration, but
not crystallized and glassy, this dispersion insesawith distance, only after 4 or 5
inter atomic distances, a large fraction of theatent bonds are cut and the positions

are randomly distributed (figure 04) below.
These distortions in the network result in the a@ppece:

* These distortions can become large enough to prevéond from forming,
and thus give rise tdangling bonds|[5,6]

* On the other hand, localized states with energieatéd in the gap. These
states form what are called tta#ls of bands (figure 04),

These bonds provide spaces for Electrons to recwemnbith Holes but the hydrogen
passivated them, producing what is called hydrogehamorphous silicon (a-SH)
(Staebler-Wronskieffect) [7].

(a-SH) are well suited for small power and consuompapplications [8]. The highest
recorded yield is 14.0% for a triple junction ladtmry sample [9].
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HE A a-Si:H
=
@ | TN
] i / conducnon
valence Band
Bands t
>
Ev Ec Energie

Figure 1 4 Atomic structure and energy band diagi20]

c. Poly crystalline and Microcrystalline silicon:
Polycrystalline or microcrystalline siliconis di@n which occurs in an intermediate

state,between the crystalline state and the amagp$iate.

c.1) Polycrystalline silicon.

The model of polycrystalline silicon is a mategahsidered to be composed of small
crystallites joined togetherby grain boundariesas shown below (figure 05).
Crystallites are therefore grains whose arrangenseperiodic, thus forming small
single crystals.

Figure 1 5 polycrystalline silicon atomic structyi0]

c.2) Microcrystalline silicon :
It is a material made up of a set of crystallitedifferent sizes and orientations,
encrusted in an amorphous fabric, with vacuum aeakly bound hydrogen, see

(figure 06). It has a gap equal to about 1.4 eV.
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Figure 1 6 Microcrystalline silicon atomic struceif20]

d. Cadmium telluride solar cells (CdTe):
It is a set of TCO (conductive oxide transport)eiasniddle layer is CdTe film.Which
form an E-field that invert the light absorbed metCdTe layer into current and
voltage, The CdTe has an ideal direct bandgap of Eg@5 eV (which approaches the
theoretical optimum Eg =1.4 eV [21]) and a highapson coefficient (Figure 07).

Glass .
TCO (5n02, Cd2 Sn04) 0.2 — 0.5 pm . -
Middle laver (Cds) 600- 2000 A” > ~—
The Film CdTe (2 -8 pum) "

Figure 1 7 Diagram of a typical CdTe device [21]

*TCO : Are transparent to visible light and highly caotve for current

transport.
* Mid layers: Help the growth of electrical properties betwee@Or and

CdTe.
* The CdTe Film: As a primary photoconversion layer and absorbgrtbet

visible light.

e. Copper Indium Gallium Selenium cells (CIGS):
The CIGS alloy uses the principle of the PN juntti(Heterojunction-complex
junction) of CIGS (p) / Cds (n) / ZnO (n) type. Trexord efficiency of 22.3% was
reached at the end of 2015 by a solar cell of abdutm?2 from Solar Frontier-Japan
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[22], and 25% by simulation [23]. Scientific resgais working to replace the middle
layer with an ecological layer (Zn, Mg, O, S).

- The heterojunction is formed between CIGS and Ze@®isonductors with
Cds and ZnO.

Window (2n© ) (0.4-0.6 u m)

Middle layer Window (Eds) 0.05 pum = >
Absorber [CIGS) 2-4um . i
Molvbden (mo) (acting as rear contact) R /,f/

Substract ( Glass of Silicate) _w

Figure 1 8 Diagram of a typical CIGS device [23]

CIGS has a type (P) doping resulting from essemkidécts. While Type (N) ZnO
thanks to the integration of Aluminum (Al), thisyasmetry doping which extends
more from the ZCE in the CIGS than in the ZnO.

2. Organic photovoltaic cells:

Are PV cells of which at least the active layer sists of organic molecules. Which
are sturdy, sustainable, Respect the environmiatelectricity produced is clean and

the manufacturing process relies on abundant arydleble materials [24].
Can be classified into two types of semiconductor:

- Small molecules (oligomers and monomers)are pigments and dyes,

generally deposited by vacuum evaporation

- Polymers: according to molecular structure and their chehdoanposition.

Theyare deposited by the liquid spin coating teghaion large surfaces.
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2.1. Structures of Organic PV Cells:

substrat

Figure 1 9 General structure of organic PV cell [24
- Substrate: rigid or flexible
- Transparent anode: generally ITO (indium-doped tin oxide) (the most
widely used compound, it has semi-transparencygamod ohmic contact with
hole-carrying materials) / conductive polymers.
- Active layer: small molecules or polymers.
- Cathode: allows ohmic contact to be obtained with electtmansporting
materials, deposited by vacuum evaporation (Al, &g,)

a. Monolayer structure:

These cells are described as being of the shotfley t

The choice of metals is decisive in achieving amighcontract on one side and non-
ohmic on the other. The advantage of this typénéssimplicity of manufacture, but

I

cathode (Al

the very low efficiency.

Polymeére

Cathode

1‘|<1%

a b

Figure 1 10 a) Bande diagram and b) Monolayerstuoetof organic PV cell. [24]
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The dissociation of excitons in the volume is Id#smn at the electrodes. And
the electric field rarely enough to separate theiters (because only the excitons

generated near the ZCE can participate in the RPivarsion)

b. Heterojunction structure.
It is composed of two materials of different nat(denor and acceptor) brought into
contact between two electrodes. They have a mughrabsorption zone width than

shcottky cells

-~ LUMO
donneur | LumMO | cathode (Aj) |
nPll ur
HOMO accepteur Coghaile
O "N" i'.'.'. dibl
L e Substrat
HOMO L
a b

Figure 1 11 a) Bande diagram and b) Bilayer struetaf organic PV cell [24]
Electric field at the interface induces the sepanabf charges> dissociation of the
exciton more efficient than in the case of homojiams.

c. Heterojunction structure in volume:
This network constitutes a layer which is a mixtoféwo organic materials D and A,

deposited between two electrodes.

cathode (A) | v

. transport de h+ . ernsggﬂ die
mélange v y

- B

—

v~~~ polymére donneur ITO Al
0 accepteur

a b
Figure 1 12 a) Monolayer structure and b)The actaager of organic PV cel [24].

" donneur + accepteur

substrat

(interpenetrating network)
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The mixing makes it possible to reduce the problem losses by
recombination of the photogenic excitons. And alows increasing the number of

interfaces (Donor /Acceptor).

2.2 PV effect in organic cells:
When light enters an organic PV converter, sev&@gegls act successively until

the last step where electrons are collected oeldatrodes.

Photons

—_—

Donneur

1
® ©

o] " m—
| ®

Anode

®

@ \
(:)khid

0l

Accepteur

Figure 1 13 Mobilité de la génération de photo jgoirs dans une hétérojonction

organique
1 - Absorption photoniqueA
2 - Geénération des excitons
3 - Diffusion des excitondiff
4 - Séparation des excitonbsc
5 - Transport des charges vers les électrodles

6-> Collecte de charges aux électrodes

22



CHAPTER 01 GENERALITY ON THE DIVERS TYPES OF PV CEL LS
& DIVERS PV SOLAR INSTALLATIONS

3. Hybride PV solar cellsPerovskite : crystalline systeme,

working principles and characteristics.

a. Perovskite crystalline systems:

Perovskites are crystalline organic-inorganic coumas on a
trimethylammonium base generally associated wi#ld land halogen [12]. They are
divided into inorganic perovskite oxide and peradteskalide [10] (fig 14).

Perovskite
crystalline system

(AMX3)

I =
Halide perovskite
(AMX3) X=F,Cl,Br,I

Inorganic oxide
perovskite (AMO3)

prem— ' |

| Organo-metal halide

Intrinsic perovskite | Doped perovskite | :' Alkali-halide :
(AMO; to more : ; : . perovskite (3d and
' complicated systems) | (ABL MNP | ! peravskite i ' layered structure)

Halide perovskites (AMY¥) can be divided into organometallic halide
perovskite and alkali-halide perovskite [10]. Tirstfcategory is mainlyformed from
divalent M" (Ni?*, ca?*, Be*", Ba*", Mg*" , zn**, Sn**, Ge*", Fe**, Co*,
Pb 2+, Sf*) and monovalent alkali metal f/Rb*, Li*, Cs*, Na", K*) with X

representing halide anions (Cl, Br', F).

Their chemical formula is CH3NH3PbX3 (MAPbX3) wheteas a halide ion (I
, Br or CI). Figure 15 shows a unit cell of such a @l 2].
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Pb
<} '@ D _
b T L (:" Methylamoninm

@ Halide

Figure 1 15 Unit cell of such a crystal [12]

The synthesis of a perovskite layer is relativedgyeand very cheap and since it was
shown by Kojima et al. That it was possible to gnéde such a layer as an absorber of
a solar device [14], PSCs have experienced thedtasievelopment of conversion
efficiency of all solar technologies.

Yields rose from (3.8%) in 2009 at values greabtant(25.7)% in 2023 as shown in
figure 16.

28 :
1—e— PCE Evolution of perovksite solar cells| 255 255 26.1 :
26 pe Ly WY S 9
24 - [30] [20)
22 -_ e ;?_}/
. = -
20 ] . 3]
=2 18] 1ehze ©7
>16 15.2
= 58 28y
-2 14"‘ 12_#[21]
e * 23
5 10 ol
8] 6.5 122]
6 -
] [21]
4 3.3./
2] [19]
0 v 1 v T \ T v T o 1 v T T T T T
2008 2010 2012 2014 2016 2018 2020 2022 2023 2024 2025

Year

Figure 1 16 Rapid PCE evolution of PSCs from 2@092025.

Most of the research focused on cell architectures, performance

reproducibility and especially on the stabilityd#vices.
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At the same time, Perovskites have been showrrive #hoth electrons and holes,
which made it possible to greatly simplify the sture of the collection electrodes to
lead to a simple transverse "planar" structurereiew of the evolution of solar
device structures was made by M. Gratzel [16].

In the same article, MrGratzel highlighted somehaf remaining problems in
making perovskite based cells. Serious competibddrsnore mature sector such as
crystalline silicon. In addition to the problemslohg-term stability, which must be
solved so that these devices can be viable for ngaass in outdoor use. The problem
of toxicity arises since this material containsdleAttempts to replace lead with tin
have remained made but, to date, with equal cormreyselds (6%) [17].

Finally, measurements of characteristics I(V) ofte@ve hysteresis dependent
on the meaning and the scanning speed of the t()e [13]. These hysteresis also
seem to depend on the architecture of the cellplsiplanar structures with more
hysteresis than mesoscopic structures in which pix®vskite and the electron-
collecting conductor are nested at the nanoscale.

One possible interpretation is the value of théudibn length carriers who, if short,
could limit the collection of carriers in "planastructures. Nevertheless, recent
estimates of diffusion length by transient absorptimeasurements and photo-
luminescence it was on the order of a micrometén fr holes and electrons[18].

It would seem, therefore, that the diffusion lengtbument limiting collection
is not sufficient. It is clear that studies on mi@ structure and transport mechanisms
have remained extremely limited so far. However,hage some information about
some characteristics of these materials.

Perovskites are considered as a direct gap semictordmaterial with a bandwidth
between 1.6 eV and 2.3 eV.

This material can lead both holes and electronk mibbilities of the order of
a few cm 2.0V's? for electrons and up to a few tens of cm 2.6sV-for holes and
lifetimes of the order of several hundred nanosdsqfl, 12].

Another important feature of these materials is twrier generation
mechanism by photons.This generation involves ersitgenerated by the absorbed
photons and their subsequent dissociation givestascharge carriers, electron and

holes.
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The binding energy of these excitons is of the oafe80 meV which allows
them to be thermally dissociated at room tempegat8uch a material therefore has
characteristics close to those of an inorganic sentuctor such as hydrogenated

amorphous silicon

b. Working principles:

In PSCs, absorbing light with the active layer enal (often
methylammonium lead iodide, MAPDI3) doesn't gereefang-lived excited states
(excitons). Despite this limitation, PSCs still esle high efficiency by effectively
separating these short-lived excitons into indigidtharged particles using layers like
mesoporous or planar TiO2 (ETL) and a separate tnafesporting layer (HTL) as
shown in Figure 17 [26].

Standard solar cells use a transparent glass wirmtmated with tin oxide
(FTO) at the front and a thin gold film depositede back.

A P
E PSC

ﬁc'
3 A
/_\r'
LUMO h*
e 8
Irv h* -y
HOMO
¢ h*
HOMO 2

FI1O ETI Perovskite HTL Metal

Figure 1 17 Band diagram and working principal step PSC [26]

c. Deposition techniques for PSC Thin Film and Fabcation of MASNI 3:

c.1. Deposition techiniques for PSC thin film:
The deposition techniques for Psc thin films can abmost classified into two
methods: dual-source vapour deposition (DSVD), ua@ssisted solution processes
(VASP), one-step spin-coating methods (OSM), armglisetial deposition methods
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(SDM), as shown in (Figure 06) [28]. The one-steatmg method closely rivals
other techniques as the preferred pro¢g&St Notably, DSVD is a vapour process,
whereas SDM and OSM are solution processes. Bgthreea spin-coating process to
place PSC thin films and metal halide thin filmstsas Pbl2 or Sni2, respectively

Phlz F " * Pblz
g . e N  u
-ﬁ— Dispensing N MAI i T : =
) E ‘ !
+ = ? : i e
TR ! : | MAI vapor
's o MAI‘ ] 3 = - L_T"_%
v ~—*  Solvent annealing : ! i v
Drying ﬂ* & Ll""'"""""""i; m
F s MAPbI,  MAPbI, PbL,/PbCl, MAI ’
(@) (b) (c) (d)

Figure 1 18 Representative deposition techniqueB&C thin film. (a) OSM; (b)
SDM:; (c) DSVD; and (d) VASP. [15]

c.2. Preparation of the MASnk active layer.
Two main approaches exist for synthesizing MASmgBovskite: (1) a single-
step spin-coating technique using a combined betwee CH3NH3 and Sni2, and (2)
a two-step method involving initial Sni2 depositimtiowed by CH3NH3 deposition.
To get ready this solution, equimolar quantitiesGd;NH3l (MAI) and Snp with
40.0 wt % as a concentration was melt in a DMF BMSO-GBL. (Figure 19)

present the absorber layer deposition [27].

The precursor solutions were spin coated onto ETI®,) coated substrates
to form a dark-brown tin perovskite layer. Sincee ttMASnk increasingly
decomposed in air, all the preparation of MASSkIms were performed in nitrogen
glove box to avoid oxidation of tin perovskite laya contact with ambient air and

hydrolysis.
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Mesoporous TiOz

Compact TiO2

Figure 1 19 The absorber layer of MASNI3 layer defpon. [27]

V. Different photovoltaic solar installations and mainfactors to consider.

1. System configuration :
In this section the working principle of grid-comted and off-grid PV power
plants is described and thus the process of emmygyersion from sun radiation to

energy fed into the grid illustrated.

a. Off-grid PV plant
The working principle of an off-grid PV plant, alsalled stand-alone system,
strongly differs from grid connected PV systemstHis case, the energy is not fed
into a grid, but is either stored in batteriestas ilocally consumed immediately. The
PV array slightly differs from the grid-connectegstems and its size is typically

much smaller, especially for small stand-alone igppbns like solar home systems.

PV modules are interconnected using copper calblésaee mounted on stain
steel structures as in grid-connected systems. VOliage protections, fuses, and
eventually lightning protections have to be instélas well in both DC and AC side if
available. The output of the PV array is then catexdto a controller that controls the
charging and discharging of the batteries, the t¥atpre, the state of charge, and the

discharge velocity. The batteries are thus condetiean inverter that converts the
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incoming DC into AC. The inverter is only necessdriC loads are used. (Fig 20)

shows schematically a stand-alone system.

With Batterie Without Batterie

Figure 1 20 Schematic view of a stand-alone sy§2&in.

There are lots of different stand-alone systemswinight incorporate only
some of the components previously mentioned. Famgie, water pumps powered
by PV usually do not include batteries and inveitéut only a controller and a DC
water pump. On the other hand, PV stand-alone mgstean become extremely
complicated and serve, for example, as back-ugsystor mini-grids. The automatic
control of such mini-grids,which usually includeedgel generators and other
renewable energy sources like small wind generatsrgenerally complicated but

there are good technical solutions available omiheket.

b. Grid-connected PV plant.
The principle of photovoltaic system is very simg®/ cells are connected to
obtain the preferred voltage and current properfiésdules are also connected to

obtain the preferred output voltage or currentler PV array.

The structures of the modules are in aluminum avanted in the the ground
or in the roof. Roof mounted PV systems habituéitythe modules to the roof for
good radiation levels. Ground mounted systems &fyiazise the inclination angle of
33° (in Algeria) in order to increase the rays inputhe year. Some PV plants use

trackers (two or on-axes) in order to track thadration of the sun.
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The connexion between modules with electric coppétes. The cross section
of the cables depends on the power of the PV a@uervoltage and lightning
protections have to be installed at the latesthiyy ime. The input of the inverter is
connected with The PV array output.

The inverter acts as a translator, taking the D¥Ctecity generated by solar
panels and turning it into AC. It's like having ailbin smart assistant that constantly
tracks the changing power output of the panels usunlight and temperature
fluctuations. This MPPT ensures to capture the ragsilable energy at any given
moment. A meter connected in the inverter outpurdgisters the quantity of energy
fed into the grid.

There are two connection methods to the grid: Fedb-in or net metering.
The first method is commonly used in Germany arel gacond method is mainly
used in the US, although it is now also permittebermany. Full feed-in means that
the total production of the PV array is fed inte tjrid and there is no possibility of
own consumption. There is one meter in order tosmeathe sold energy and one
meter for energy consumption. On the other hand, metering uses a single
consumption and production meter. The producedggrisrfirst consumed on-site. In
case of exceeding energy, it is fed into the gmdcase of the amount of locally
required energy exceeding the production of theaPMy, the additional energy is
supplied by the grid. (Fig 21) shows schematictily differences between these two

methods.

) FULL FEED-IN NET METERING
FULL FEED-IN SYSTEM ‘ METENG SYSTCM l "
st L
’ \ A

NET METERING

NULL FEED-IN SYSTEM NET METERING SYSTEM

Figure 1 21 Difference between two methods (Feldlfm — Net metering)
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2. Components of a PV plant.

Photovoltaic (PV) solar cell convert the sunliglgctricity , with the photovoltaic
effect. The connection of the solar cells in patadl series to form panels, which are
then either connected to a regulator for chargiagebes and for using a DC load.
The batteries connected to the inverters to cortherDC into AC. The output from
the inverters is thus fed into the AC junction &mrcurity the grid for consumption.

This section presents the main components of al&M p detail

2.1 Components of the Grid connected PV plant.

PV cells

Power Grid

P o

-

Figure 1 22 Components of the Grid connected PYitpla

2.2 Components of the off Grid PV plant.

Separate cells
Junction key
box
~

Lo k
A i - &’ Charge

| %:g controller

Batteries

>

-~ "'éonvertﬂar

Charge

Figure 1 23 Components of the off Grid PV plant
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a. Solar cell / solar module (configuration, function photovoltaic effect).

Electrons excite from the BV to the BC holes whem&Conductor materials

are exposed to the light.

Introducing tiny amounts of impurities like phosphs or boron into silicon's

crystal structure creates n-type or p-type SC,aetbely.

P-N junction formed by combining two types of seamductors ( n-type and
p-type), creating an electric field that separatestrons and holes, generating a direct

current (DC) in solar cells (Fig. 24).

Load

Sunlight o
Current | I

n-gloped silicon

Junction

p-doped slilicon

|e|ecbfi4:a| flow

L

negative electrode

posithve electrode

Figure 1 24 Crystalline solar cell working princg[30]

Sunlight hitting solar cells gets partially refied, partly passes through, and
mainly gets absorbed, generating electron-holespaAm electric field separates these
pairs, and before arriving at the contacts and tleasolar cell some electron-holes

pairs recombine.
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Figure 1 25 From a solar cell to a solar array

Arrangement of the solar cells in series and palr&étl compose solar panel
and to obtain a desired final power, which is dateed by a module’s current and
voltage. The solar cells are embedded in a glass-&dfar cell-Tedlar sheet-
Aluminium frame in order to protect them from weatltonditions. To avoid high
power output losses due to shadowing. Bypass diadeplaced on the back side of
the panel.

Solar cells act like miniature batteries, and rttedectrical behavior can be
mapped using a current-voltage (I-V) curve. The tmm®mmon type, crystalline
silicon (cSi), makes up about 80% of the markeeylban be either monocrystalline

or multicrystalline.

Thin-film solar cells are gaining popularity besauthey're cheaper to make

and easier to produce. They are promising optiomhi future.

The share of thin-film solar cells in the PV madrkis growing as

manufacturing costs have been significantly redwreditheir production is easy.

b. Charge controller:

The batteries can be damaged in the following cases

» If the battery continues to charge after beingyfaharged.

» If the charge (discharge) is removed from the battden it is almost empty.
Hence the importance of having a regulator or adletr that disconnects the battery
once it is charged, or the battery voltage reaehealue above or below the charge
level and stop the load picking operation. It alsviders protection for all

components of PV system.
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Figure 1 26 Controller of charge [31]

b.1. Types of charge regulator:
Common types of controllers include:
o Pulse width modulation (PWM) :

It mainly relies on a switch to connect the phottaio matrix to the batteries.

The result is that the grid voltage will drop teaue close to the battery voltage.
o MPPT (Maximum Power Point Tracking) controller

It is more complex and adjusts the input voltagel aarrent to get the
maximum power of the PV panel, then converts thputinvoltage into the voltage
required for the DC rods and charges the batteri#shigh efficiency.

Charge controllers are used with off-grid systems.
Power = 100 W

Voltage = 18 Vmp
Currant = 5,56 Imp

I
I
PMW : MPTT
I
J' Low Battery: V=11V High Battery : W= 14V
I , = . -
Low Battery : V=11V High Battery: V=14V | 18Vmpt 11V = 1,6 18Vmp+ 14V = 1,28
1IVK556 A= 6L W VX556 A=TEW : 1,6x556A =89A 128x556A =T,1A
5 I
[ 11Vx89A=978W 1aVxT1A=994W
61W<<78W<<100 W |
[ 87.8W<<98.4W<<100 W
i

Figure 1 27 Difference between the controller PMid MPPT
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b.2. Requirements in charging regulators:

Protection against overcharging.
Protection against deep discharge
Preventunintendedemptying
Perfectbatterycharging.

Protection against short circuit

Protectagainstpolarity reversal

© O O O O o o

Battery indicator

c. Batteries:

The battery consists of two electrodes of two ddfé materials which
conduct electricity and are immersed in an elegteolsolution,and one of the
electrodes becomes positive and the other negatepending on the charge carried
by each of them[28].

It is used to store electrical energy safely so ithean be used anytime and as
needed. Solar-powered batteries store electriaaigrproduced by photovoltaic solar
panels during the glare of the sun (during the dayprder to benefit from this
electrical energy stored during the absence ofsthre(at night). It is used in stand-
alone systems.

c.1. Types of solar batteries :
c.1.1. Flooded lead plate acid batteries :

Lead wafers must be completely immersed in a liggagable of electrical
ionization, taking into account that this type giw@f explosive hydrogen gas during
its work, and therefore sufficient care is takentlsat no kind of flame or spark is

present next to him during his work.

Positive terminal

Protective casting
(plastic) ™~

Negative terminal
7 Cell divider

| Positive electrode
48 (lead dioxide)

. Negative electrode
Dilute H,S0, (lead)

Figure 1 28 Flooded lead plate acid batteries[32]
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c.1.2. Valve regulated lead acid :
It uses a technology that freezes the acid in die fof jelly or gel, which is a
mixture of water, sulfuric acid and silicate pdgsfrom which the acid does not spill
at any stage of the operation.

There are three main types:
0 Wet: it can perform 500 deep discharges of almost &0 designed
for navigation.
o0 AGM: an electrophoresisable liquid that has been &ksointo a
sponge mat.
o Gel: liquid transformed into gel or ointment, consirthe most

effective, the depth of discharge reaches 95%.

i

Figure 1 29 AGM battery[33]

c.1.3. Nickel-cadmium storage batteries:

They operate on the same general basis as leadattities. But different
chemicals are used there, the cathode is cadmherariode is nickel oxide, and the
potassium hydroxide solution is used as an elgge&olt is airtight, which prevents it
from leaking outside.

Figure 1 30 Nickel-cadmium batteries [35]

36



CHAPTER 01 GENERALITY ON THE DIVERS TYPES OF PV CEL LS
& DIVERS PV SOLAR INSTALLATIONS

d. Inverters (Types, self -controlled vs grid -contrdied):

Inverters are static direct-alternating convert@aking it possible to obtain an
alternating voltage and current (AC) source frordiract voltage and current (DC)
source and regulates the frequency. There are ypestof inverters: three-phase

inverters and mono-phase inverters.

Figure 1 31 Different types of inverters[34]

Single-phase inverters power one line, while tiplease handle all three
lines. Smaller systems (usually under 5 kWp) usglsiphase due to lower power
load. For larger systems, three-phase inverterstrifoliting power across all grid
phases) offer greater flexibility in system scadenpared to single-phase versions. It
is also possible to form a three phase system edgtinection of many single phase

inverters. But the power not surpass 05 Kw.

AC |7V DC
~ 96-99 % <—

100 2o

AC
~ 33 o =—0o NV DC

~ 33 %€
™~ 33 %% =— =

100 %6

Figure 1 32 SiFngle / three phase inverters
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To maximize power output, inverters need to trélo& constantly shifting
Maximum Power Point (MPP) of the PV array due toargfing irradiance

levels, requiring adaptable electronic components.

Inverters with MPPT technology automatically tradhifting sunlight
conditions, maximizing solar panel output. Fastescking, higher accuracy, and
better efficiency in MPPTSs lead to more efficiem¢erters.

Certain inverters add transformers for voltageusitijent and safety isolation

for the thin-film installations. But they cause #anhal costs.

The quest for more efficient and compact invertexs driven intense research

into transformerless designs.

Companies are already offering transformerles®ogtwith features matching
traditional transformer-based inverters.
However, grid operators do not accept invertershout transformers in some

countries.
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Conclusion
In this chapter, we have presented preliminary kedge on the generations of
photovoltaic cells. We have mentioned their diffégrphotovoltaic sectors. After, we
presented Perovskite-based Hybrid solar cells wheregave general overviews on
structural, optical and electrical properties. Thisbetter understands their operating
principle and behavior and mastered them in oml@rttoduce them into photovoltaic

cells and improve their electrical efficiency.

The PSCs thin films can be deposited by the vapssisted solution processes,
dual-source vapour deposition, sequential depwositiethods, and one-step spin-
coating methods. PSCs have shown special sengitteit moisture, UV light,
temperature and oxygen are still under scrutiny.

Prior to commercialization, it is crucial to edisb well-defined metrics for

both environmental and photo stability of the devic

Finally, we have presented preliminary knowledgetlom different photovoltaic

installations.
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l.  Introduction:

With the aim of producing efficient and inexpensperovskite solar cells,
manufacturers should offer warranties that endweetoduct's long-term stability and
provide measures to extend its lifespan.”

In this chapter, we outline systematically the Istability of perovskite and
the profit to use (mixed cations), (mixed catiofgliwalent metals), (mixed halides),
(mixed cations with mixed cations of divalent ms}al(mixed cations with mixed
halides), (mixed cations of divalent metals withxed halides) and also (the mixed
cations with the mixed cations of divalent metalghwthe mixed halides) in

perovskite materials.

a. Stability studies:

The number of publications on the PCE is still eoous compared to the
publications focused on long-term stability.
unluckily, perovskite solar cells face a major idiffty: stability. These cells are
highly susceptible to degradation from environmkfaators like UV light, oxygen,
temperature, and humidity. Additionally, the seal@ctof materials and the production
techniques used to create these devices play mkrole in their lifespan.

Stability of PSCs-based DSSC was limited in 20110(+in) ahead of
degradation for the reason that PSCs QDs dissolvied redox electrolyte [57].
Stability of PSCs was improved from few minutesmore than 500h using spiro-
MeOTAD as HTM , in 2012 [58]

a.l. Moisture:
Research has identified moisture as a signifibandle for the practical use of
MAPDI3, as it readily triggers degradation of thaterial [01][02]. Too much water
disrupts the ordered crystal structure of the pside, compromising its

performance[03].

While degradation mechanisms for perovskites aqgloeed, some studies
suggest low humidity (<30%) during fabrication enbes crystal formation and

device performance [4, 5], making the optimal maistevel a topic of debate.

Series of reactions for the moisture catalyseahposition of the perovskite

layer, are proposed by the authors:
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MAPbI, €5 MAI(aq) + Pbl, (1)
MAI(aq) & CH3;NH,(aq) + HI(aq) (2) (4]
4HI(aq) + 0, & 2L,(s) + H,0 (3)

hv
2HI(aq) © Hy(g) + I1(s) (4)

The water is the catalyst required for the irreilde degradation of the

perovskite material. It's suggested in many reports

Under high humidity (70%) for 60 hours, Leguy ét [@6] observed the
absorption of water by CH3NH3PbI3 and forming CH3Wh13- H20-Eq (5) with
increasing its band gap to 3.1 eV.

While briefly drying can reverse initial water age, prolonged exposure to a
dry atmosphere triggers irreversible breakdown ZPdbrmation, CH3NH3+

dissolution). Even moderate light in dry conditiaas cause this decomposition [07].
4(CH3NH;3)PbI; + 4H,0 < 4[CH3NH;Pbl;. H,0]
& (CH3NH3)4PbIs2H,0 + 3Pbl, + 2H,0 (5)

The formation of a hydrated product after S8HsPbk was exposed to
moisture [08], it's observed by Christians et aheTauthors propose that perovskite
resistance to moisture might be linked to how gjhpiits atoms bond with (H20) or
the organic cation (CH3NH3+). Their idea is thaésgthening the bond between the

metal halide (Pbl6) and the cation could createoeerwater-resistant material.

Wolf et al observed a surprising change when theposed a dark brown film
to humidity: it turned pale yellow. This color shihatched a drop in light absorption
by a hundredfold in the blue and green part of $pectrum (1.5 to 2.5 eV).
Interestingly, the edge of light absorption alsovety suggesting the formation of a

new material called Pbi2. [09]

These authors employed photothermal deflectiontepgcopy (PDS), a highly
sensitive technique capable of detecting minutengés in absorption, to directly
measure the moisture-induced decomposition of CHERH3 [62].

45



CHAPTER 02 STRATEGIES TO PROGRESS THE STABILITY OF PSCs

a.2. UV light and Oxygen:

In addition to moisture, lighting with UV light alscan cause poverty in PSCs,
especially in devices containing a TiO2 mesopotaysr. TiO2, known for its water
and organic compound oxidation capabilities underlight due to its 3.2 eV band
gap, can generate electron-hole pairs upon illunmnaHowever, recombination at
the oxygen adsorption site often hinders efficiefid].

P. Sullivan et al, concluded that there are twgra@ation mechanisms: i)
oxidation of the active layer by oxygen, resporssilibr the decrease in the
photogenerated current in the cells- ii) degradatiy light independently of the

presence of oxygen [11].

Ito et al. aimed to tackle the ultraviolet (UVghit instability of the TiO2 layer
in PSCs. They applied a technique previously usadadrganic cells, incorporating a
thin layer of antimony sulfide (Sb2S3) at the ifdee between TiO2 and the light-
absorbing material (CH3NH3PbI3). This "blocking éay effectively reduced UV-

induced degradation and improved the overall stgluf the device [12].

Extraction of electrons from iodide anion to forigpit2at the TiO2/ perovskite
interface—EQq.(01) is supposed by these authams-rom the reaction presented in Eq
(02) they can deconstructing the perovskite cryskake electron extracted by the
TiO2 it could jump back, triggering a reaction thekeases harmful HI gas Eq (03).
This, in turn, depletes the positive hydrogen i¢Hs) needed for another crucial
reaction Eq(04). As a result, the balance shiftd, the material releases methylamine

(CH3NH2) due to its low boiling point, potentialgcaping as a gas (17°C). [61].

21 =21, + 2e” (01)
3CH3;NHf = 3CH3;NH,(g)+3H™ (02)
I"+1,+3H" + 2¢e” = 3HI(g) (03)

To combat TiO2-related instability, Chander et [B4] suggest UV
filters, while Leijtens et al. [13] attain +1000 urs of stable photocurrents by
replacing TiO2 with an insulating- AlI203 scaffold.

Replacing the ETL with Zn2SnO4 improved both pekite crystallization
and UV stability in Bera et al's [15] work, butsudted in a lower PCE

e
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(13.3%). However, the device displayed minimal éxesis and remarkable stability

(>1 month) without encapsulation

a.3.Temperature:
As the degradation of PSCs is caused by exposwrywen, water and light .

It is also accelerated by the temperature.

Effects of temperature on the degradation of PBCsvo ways: on hand
affecting the perovskite material and other hangbaoting the hole-transporting
material (HTM).

While some studies claim perovskite materials ed@thstand very high
temperatures (over 300°C), others show the orgaaits break down much sooner,
even below 140°C.

PSCs are particularly susceptible to damage by, Is¢atlies have shown that
the key light-absorbing material, MAPDI3, startsbi@ak down (decompose) when
heated above 85°C [18,19].

According to Pisoni et al. [20], uneven heat dmition creates mechanical
stress, reducing PSC lifespan. This means thattla @aycrystals and single crystals

structures exhibit very low thermal conductivity.

The influence of elevated temperatures on both CGHERbI3 and
CHsNH3Pbk.Cly films is investigated by Phillippe et al. [21]. Tswlate the impact of
temperature on film degradation, the authors elat@d water and air exposure.
Under these controlled conditions, they observed ghrovskite film decomposing
upon heating to 100°C [63].And they recommendes teaction for the temperature

induced decomposition:
CH3;NH3Pbl; — Pbl, + CH;NH, T +HI 1 (4)

Conings et al. investigated the thermal stabilty incomplete PSCs
(ITO/TIO2/MAPDI3 structure) by annealing them at85or 24 hours under various

environmental conditions [64].

Misra et al. [67] investigated Pbl2 and PbBr2 ascprsors for perovskite
preparation. And after doing experiments ,Seale@MHBPbI3 solar cells degraded
within 60 minutes at 44-55°C, while CH3NH3PbBr3 deg remained stable in aging
tests. The observed behavior can be attributecheéodtfferences in bond strength

e
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between Pb and | compared to Pb and Br. Due to ldrgjer size, iodine atoms form
longer and weaker bonds with lead compared to brenatoms, making the Pb-I
compound less stable [68].

While inorganic precursor substitution improvesrthal stability, organic

precursors also significantly contribute to ovedaice robustness and stability.

To isolate the breakdown of the perovskite layeself, the researchers
removed the HTM and top electrode. This is becquseious studies have shown

that the underlying layer can influence how the B8€composes under heat [65, 66].

While early research utilized a titanium dioxided2) scaffold, the push for
lower manufacturing temperatures led to its reptem@ with ZnO. However, the
ZnO/CH3NH3PDbI3 interface appears to promote fastermal decomposition of the
perovskite layer, resulting in reduced thermal ifitgbcompared to the TiO2-based
structure [65, 66].

To assess perovskite solar cell (PSC) stabilityeal-world settings, Li et
al. [69] exposed devices to outdoor environmedteiddah, Saudi Arabia, for a week.

The light-absorbing layer, made of perovskite makewas carefully filled
into a sponge-like structure composed of titaniuioxide and zirconium dioxide
(TiO2/Zr0O2). A layer of carbon black was addednat back for electrical contact, and
the entire device was sealed with a glass coveguepoxy resin.

After seven days the structure observed the sirfiEformances. Using the
thermally carbon materials contributed for The alseof Hole Transport Materiel
(HTM) in this case, and attributed the exhibiteddstability,

a.4.Encapsulation:

Different encapsulation techniques for PSCs ard ts@avoid contact between
ambient air and the active layer. In 2006 the tefN.S. Sariciftci [22] presented a
technique of encapsulation of organic photovolte#tls based on MDMO-PPV:
PCBM.

This technique involves sealing a flexible barrfgre same material as the
substrate) above the cathode with an epoxy resiis flexible barrier is an organic-
inorganic multilayer PEN / (SiOx / PEN) * 5, devpéal by Novaplasma (a Canadian
start-up company) with a thickness of 500 nm ferséble transmission of about 85%.
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For small-scale devices, researchers have typicadllied on a basic
encapsulation method: covering the device withima ¢fass cover slip and sealing it

with a UV-curable epoxy resin [14, 23, 24].

Han et al compared two encapsulation methods [B8]first technique employed a
simple method; a filling the UV curable epoxy rebatween the plain glass cover and

a silver contact. The other technique was adopted OLED technology.

Shao et al presented a groundbreaking, costte#ec method for
encapsulating and forming the top electrode of kewalle, lab-made solar cells in
one go [26]. They replaced the traditional thersnaVaporated top contact with a
readily available conductive copper tape, offerangimpler and more economical
approach. These authors [72] demonstrated thadilyeavailable carbon conductive
tape, adhered well to perovskite layers, servingah back contact and encapsulant

, sSimplifying fabrication and reducing costs.

Traditional encapsulation for perovskite solar <eihvolves a top glass
substrate separated by Surlyn® sealant (DuPont,)U3RBe encapsulation of the
device which is sandwiched and protected to avoedsupply of moisture and oxygen
[69,70] with a polymer resin was only good for avfelays. Comparing thermal

plastics and light-curable resins for sealing iglesed in [71] by, Matteocci et al.

To assess durability, devices underwent accebbraggng tests (temperature
stress, damp-heat, light-soaking), with their poveonversion efficiency (PCE)
degradation monitored.

The optimal sealing combined (Kapton®, DuPont, tebhi States) adhesive
with light- curable glues and UV- (Henkel, Germaarnyd ThreeBond, United States)
for edge sealing. Although plastic barrier filmse acommon for flexible PSCs
[61], hot-pressing Surlyn foil actually decreasdticiency compared to unsealed
devices. Weerasinghe et al. [73] explored two esgapion methods for flexible
devices: incomplete and complete, both utilizingadeable plastic obstacle adhesive
(Mitsubishi  Plastic, Inc, Japan) covered at 10006@Gto the back contact.
However, advancements have led researchers to admpluctive tapes for back

contacts, offering potential advantages.
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b. Strategies to develop the long term stability of PSs
The advantages to employ mixed cations, mixed éitametal cations and
mixed halides in PSCs materials. For highlight tlext advantages: (i) increased
stability, (i) enabling band gap tuning, (iii) eaficed carriers charge transport, (iv)

higher performance, (v) less pronounced hysteresis.
b.1. Mixed cation:

b.1.1. Binary (FM/MA)PbI;System.

While FAPDI3, with its narrower band gap, coul@dhetically generate more
current in solar cells, it's less stable than thmonly used MAPDI3. [27] Pellet et
al. found that combining two different materialsARbI3 and FAPDI3, in solar cells
improves their ability to capture light, leading tore efficient devices. This is
measured by the IPCE. PSCs made with a mix of tatenals (MA0.6FA0.4Pbl3)
performed better than those using just one. Thisture captures more red light,

leading to stronger electric currents without redgwoltage (Fig 1)[27,28].

100 -
80- e
L1
3 60 .\
Ly \
£ 0] —FA
- = = MALFAI 322
....... MAI
204
od
|| N | N I N ] M !
400 500 600 700 800

Wavelength (nm)

Figure 2- 1PCE spectrum of mixed cation perovskéeices, and MAIPbI3 FPbI3.
Binek et al. [74] investigated that the integratioh MA+ into FAPDbg

structure results a stable MAXFA1-xPbl3perovskitadure,[75,76,77]

b.1.2.Binary (MA/Cs) Pbl; System
Scientists took perovskite solar cells a stepghenrby using a mix of different
atoms (including cesium Cs+ and rubidium Rb+) iadtef just one. This new

approach led to record-breaking efficiency of 21,628, 30].
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Niu et al. [79] showed superior thermal stabilify@s, MA1.xPbk with x =
0.09 and x = 0.20 than that of MARbktontrary to MA+, they reporting a higher
efficiency of 18.1% in their optimized @dA;.Pbk devices. Choi et al.[78],
devioped CaVA.Pbk devices with x = 0.1, they achieved a PCE of 7.68%
swapping some of the lead in the cell for a mixedium and methylammonium, they
saw efficiency improvements of around 20% and 15%ctwo different studies
[78, 79].

b.1.3.Binary ( FA/Cs ) Pbk System.

Scientists haven't explored the (FA/Cs)PbI3 sysésesnmuch as the CsxMA1-
xPbI3 one, but there are still some promising tes[80,81,82,83]. Similar to the
other system, adding a bit of cesium (Cs) to FAPB@ems to boost its
efficiency. Studies have shown improvements of 546% when using about 10-
20% Cs [80,81,82].

b.1.4.Binary ( FA/Rb ) Pbl; System.

Researchers are exploring the potential of rubidi(Rb+) cations, even
smaller than cesium (Cs+) with its 0.152 nm radiogurther improve the efficiency
and stability of perovskite solar cells [84,85,8Bhe promising results suggest Rb+
could be a viable alternative for enhancing thesegerformance metrics. Zhang et al
[85] and Park et al [86] studied The (FA/Rb) Pbistem systematically and
independently. Incorporation of Rb (5%) in thedRd Pbkperovskite is reported

in both studies

b.2. Mixed divalent metal cation:
While lead (Pb) dominates as the metal cation 8C$# its toxicity raises

concerns for environmental impact, hindering conuadization.

Zuo et al. [31] reported that the Tin (Sn) emergsd promising alternative of
lead (Pb), and achieving a PCE of 10.1%, with tlop@rtion of 75% Pb and 15% Sn.

The minimization of the band gap of provskite isthg he augmentation of Sn
concentration, it's also responsible for the enleament in solar light absorption [32]
( Fig 2) but the existence of Pb is necessarydtarding the oxidation of $hto Sri*
[33].
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It is essential to study tin and lead mixed perdesgolar cells, Y.Ogomi et al
obtained the greatest PCEs by using MA&i sl3 perovskite. 4.18% efficiency with
short circuit current 20.04 mA/dnopen circuit voltage 0.42 V and FF 50% are
reported.

If the ration is controlled between Sn and Pb & perovskite MASn,Phls,
the light absorption can be extended to the ndeared region (1060 nm), which was
(260 nm) red-shifted compared with that of MAPbB@is shown in (fig 03) [34,35]
and the band gap can be tune in the range 1.17eV.55
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b.3. Mixed halide typs:
Building upon extensive research summarized in,[90, 92, 93], this section
offers an up-to-date analysis of the structure-priyprelationship in mixed-halide
perovskites, specifically focusing on FAPDb(I/Cl) ARb(I/CI) , MAPb(I/Br),
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CsPb(I/CI), MAPb(I/Br/CI) , CsPb(l/Br), CsPb(Br/CIFAPb(I/Br), MAPb(Br/CI).

based on recent literature.

Mixed-halide perovskites also enhanced the stghmlit nano-structured TiO2
[59]. Fascinatingly, PSC architectures show maeaels after addition of Br into the
mixed-halide, when compared to alone later thad&8@, while the efficiency of PSC
without Br dropped by20% than the initial PCE [60].

Tailoring the mix of halides in perovskite matésichas proven to be a
powerful method for enhancing their light and eleel properties [36,37,38]. This
strategy is crucial for achieving record-breakirigceencies in perovskite solar cells
(PSCs). Notably, attempts to reach 20% efficienay wure halide perovskites, like
MAPDI3, have consistently fallen short [39,40,41].

Combining different halogen elements in organmrganic lead halide
perovskites offers numerous advantages, such asneimly carrier transport
[43,44,29], increasing open-circuit voltage [39,40}d improving the overall stability
of PSCs [36,42]. Notably, substituting mixed hadideithin the perovskite structure

has been particularly effective in improving PS&bdity.

b.3.1Binary FAPbD (I/Cl) and MAPD (I/Cl) Systems

Researchers have tried to stabilize the material hiayide mixing or
exchanging. MAPDI(I/CI) stands out as a highly essked binary mixed
perovskite, drawing significant attention for itstential applications. [98,99]

Lee et al.reported that the PSCs MARKIlx was more stable in air than
MAPblI; [45].

A few research focus on the FAPb(I/CI) materialteys[100] Lv et al.[97]
using the method mixing FAI and PbCI2 in a molaioraf 3:1 at 60 C° for 30 min in
DMF with stirring.

b.3.2 Binary FAPb(I/Br) and MAPb(I/Br) Systems
The mixing of 20% Br into MAPDI3 improved the sotall stability to a great
extent [30]. They are reporting an efficiency of3% is demonstrated by Noh and
Jeon et al.
Zhu et al.employed a facile halide exchange rootentorporate Br into
MAPDIsto form MAPbE.Bry.
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PSCs based on the mixed-halide composition MARBIB« achieved a PCE
of 14.25%. Notably, these cells retained 93% oit tinéial efficiency after 14 days of
exposure to ambient air without encapsulation [46].

This highlights the potential of mixed-halide peskites for improved stability
compared to pure halide perovskites, which are know be susceptible to
degradation under UV light and heat due to thew lorystallization energy
[47, 48, 49].

Scientists found that adding a small amount ofine B (0.2 parts) to the
CH3NH3PbI3 improves its stability without sacrifig its efficiency in converting
sunlight to electricity [36].

The proposed stabilization mechanism hinges orahé&asting crystal phases
of MAPDI3 (tetragonal) and MAPbBr3 (cubic). Subdgtithg iodine (I) with smaller
bromine (Br) atoms shrinks the lattice, triggeragransition to the more stable cubic

phase, ultimately enhancing material stability.

Mixed halide FAPbI3-xBrx perovskites were also $ys#ized with x varying
from O to 1[94, 95].
Rehman et al. discovered that the way they focudexl laser beam

significantly affected how different materials withlthe perovskite separated [96].

Strategies to make both FAPDb(I/Br) and MARR() systems flexible to

phase segregation phenomena is wanted.

b.3.3 Ternary MAPb(I/Br/Cl) and FAPb(I/Br/Cl) Systems
The ternary MAPD(I/Br/CI) system exhibits propestiresembling a linear
combination of its binary counterparts, MAPb(l/@)d MAPb(I/Br) [89]. Chiang et
al.utilized a combined hot solution spin-coatingtimoel to fabricate the triple halide
perovskites. Their inverted solar cell structurd3O(PEDOT:PSS/MAPbI3-x-
yBrxCly/PC61BM/Ca/Al) with active areas of 0.1 crg2nerated FF = 78 %, Voc =
1.10 V, Jsc = 19.25 mA/cm2 , PCE = 16.52 %.

The latest research demonstrates a significargrement in PSC stability by
exploring variations in optional layers, mixed-lklali perovskites, and HTMs. This

comprehensive investigation opens doors for optirgizevice longevity.
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b.4. Mixed cation -Mixed divalent metal cations:
Maddalena Patrini et al. carried out the first agtee investigation addressing
the synthesis and characterization of the #MA,SnPhy 3 solid solution showing
a complete solubility of Sn on the Pb-site leadmgubic single-phase materials.

This research has identified new lead-reduceean-free perovskite materials
with stable cubic structures and bandgaps rangmogn f1.25-1.18 eV. These
properties translate to enhanced near-infrared kgpsorption, marking a significant

step towards advanced applications in perovskier sells.

The authors successfully crafted a PSC using aedniabsorber of 60%
(FASNI3) and 40% (MAPDI3). This composition resdlt& an absorption edge of
roughly 1.2 eV and a noteworthy PCE of around 1B#ghlighting the effectiveness

of such mixed-halide approaches in solar cell tetdgy [37].

b.5. Mixed cation -Mixed halide:
The newly composite mixed-perovskite systems wiieeedouble (FA/MA),
(MA / Cs), (FA /| Cs), triple (FA / MA / Cs) and ewveguadrupole (FA /MA /Cs/ Rb)
mixed cations[87] are usually followed by the mixgd/Br), (FA /MA /Cs/ Rb).

Improve devices were reported to show the bestieffcy and stability [88].

Zhiping Wang et al. presented the first long-tetaosity study of the new
PSCs composition FfsdC%.17Pb(b.sdBro.493(FA = (HC(NH2)2)) and discover that
the cells are really stable when exposed to surt lig ambient conditions without
encapsulation [52].

Michael Saliba et al. demonstrated a PSC whichonfit more stable but also
is possesses higher PCEs of 21.1%, contains |lesgige to processing conditions

[53, 54], and is fewer phase impurities.

They also investigated triple-cation PSC of the egen form
“Csx(MAo.17A0.830 (100)Pb(b.ssBro.179s,” representing that the use of all three
cations, MA, Cs, and FA, provides additional vahgatin fine-tuning highquality
PSC films [38].

These perovskite solar cells achieved impresdafilzed power conversion
efficiencies (PCEs) exceeding 18% and 21% after B6Qrs under real-world

operating conditions. Additionally, the triple-cati perovskite films demonstrated

e
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superior thermal stability and resilience to vaoia¢ in external factors like
temperature, solvent vapors, and heating procedyBs. The demonstrated
robustness of this approach is crucial for ensureoducibility, a vital factor for
cost-effective, large-scale manufacturing of pekaessolar cells (PSCs).

Scientists found another way to adjust the lidghgeabing properties of
perovskites by combining mixed halide and mixedoca{FAPbIlyBE.y).[51] This led
to solar cells with efficiency of 20.8%, makingghiew material is one of the biggest

performances of PSCs right now [03].

b.6. Mixed divalent metal cations- mixed halide amins
Sun et al. have introduced a groundbreaking atdisair-stable triple-cation
mixed-halide perovskites capable of achieving Haglar cell efficiencies without the
requirement of a thermal annealing process. Thisigeattributed to the incorporation
of Pb(SCN)2 within the perovskite structure.

Combining formamidinium (FA), methylammonium (MAnd cesium (Cs)
cations with a mixture of iodide (I) and bromider)Bnions, the study identifies
FAo.7/MA o L%.1Pb(keBrie)s (FMC) as the optimal composition for forming stabl

perovskite structures based on theoretical calomst

Adding Pb(SCN)2 to the FAMA (L 1Pb(k/eBrie)s-«(SCN) perovskite
composition (denoted as FMC-SCN) significantly eases the size and crystallinity

of the perovskite crystals, even without the typtharmal annealing process.

Furthermore, the addition of Pb(SCN)2 helps prevdre formation of
unwanted defects and a harmful lead iodide phagenithe perovskite material. This
translates to a remarkable power conversion effayie(PCE) of 14.09% in planar

solar cells based on this composition, with a redutysteresis effect [54,55].

This research presents a novel and scalable agprita manufacturing
efficient perovskite solar cells at room temperatwvhile also boasting good moisture

and thermal stability.

b.7. Mixed cation -Mixed divalent metal cations -Mxed halide anions
Ueoka. N et al. explored how adding small amouohigifferent materials like
Cesium Bromide (CsBr), Cesium lodide (Csl) , and Bromide (SnBr2) affected the

light-harvesting and surface features of perovsiaiar cells.

e
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The fill factors, open-circuit voltage and shontecit current densities
increased by Csl addition, and the doping of SnBIgb improved the surface

coverage of the PSC crystals.

The cell prepared by a starting composition of M¥%0.Cs0.05 Pb0.95
Sn0.0512.90 Br0.10 showed the best conversionieffates of 8.25%, and the sizes
of the PSC crystals reduced [56].
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Conclusion
In this work, we have presented on the basic of RGE during the including

of (i) oxygen, heat, polarization, humidity, at aoktell and permanent degradation
induced by solar cells. light leading to Pbl2 andohtaining volatile species [101,
102].

We have cited in this chapter different encapsotatitechniques for
perovskite solar cells to avoid contact betweenaimbdient air and the active layer.
And we have summarized recent advances and adesntagemploying in mixed

perovskite.
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CHAPTER 3 RESULTS & DISCUSSION

1. Introduction

Recently, perovskite solar cells have shown sigguift improvement in
theefficiency and have reached 25.7% [01]. The mostersal PSC material used in
solar cells is the MAPBI(methylammonium lead lodide). But due to toxiaitfylead
(Pb) to the human health, a suitable alternativ€ld§NH3;Pbk is being researched
across the world in recent times [02].

Solar cells often use lead, which is harmful te &mvironment. This research
suggests a potential solution: using S8iH;Pbk as absorbing layer (direct bandgap

1.3 eV), while still capturing sufficient sunligtd generate electricity. [03]

The HTM (Spiro-OMeTAD) has been routinely used rgamic photovoltaics
(OPV) and organic optoelectronics [20], but it @uses degradation in the devices
performance and the field is still research acfR2]. So, it is necessary to choose
other new HTM materials, which can replace thecsQiMeTAD.

For any material to be hired as electron translaydr in perovskite solar cells,
the material necessity satisfy few significant @ies (conduction band of the ETM
should be not as much of the LUMO level of the pskite material - high electron
mobility - higher band gap [27].

Now as far as the Tiand ZnO are concerned in the ordinary perovskitars
cell, TiO, is used as an electron collecting layer. This exayer plays an important
role in the cell; however, its growth procedurealves a high temperature annealing
step. In adding to the high production costs ingdlvits use similarly eliminates its
application to temperatures delicate substratels aasupple plastic materials [28].

In this work, on the one hand, several simulatimhiéectures are developed using
Simulator Application (SCAPS-1D) to optimize higffi@ency perovskite solar cell
with different ETM and HTM.

A comparative work was also carried out betweenegiestructures (five of our
own structures and six that we used as referencegdacing TiQ by ZnO as ETM
layer with perovskite (MAPRland MASn}) and (Spiro-OMeTAD, PEDOT: PTT,
CwO and Cul) as HTM layers.

In this work, it was shown that the efficiency da@ improved if used the HTM
(Cuw,0), and the ETM (Ti@), and the cost can be reduced if Tthanges with ZnO.

In the second part, three practical works werei@drout, the first project solar-

powered local network that allows calls and eladtromessages or texts to be
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transmitted with a perovskite solar cell. The secproject of sustainable disinfection
tunnel (SDT) that it was designed to contributegiduce the viruses less harmful than
the corona virus that are transmitted by touch tangrovide protection maximum to
people going through the tunnel in about 10 secosdhy using solar PV. And the
third project for a Wi-Fi station and solar-power8dnartphone chargers with a
money multi coin selector which makes it possiloléighlight the two principles of
environmental conservation (Use of photovoltaicasoénergy) and the green
economy and the opening of workstations (Smartpradreggers and outdoor Wifi

connection)
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2. Comparative study of different HTM in a PSC

2.1 Device architecture and simulation

We have considered methylammonium tin triodide (MApBas absorber layer
along with ZnO as Electron transport layer anddhypes of HTM layers are planned
to study the effect of material properties and iectures on the PCE of the structure.
The first structure is the solar cell with a MASretween the HTM (Spiro-
OMeTAD) and the ETM (ZnO) as shown in the figura)Jiq the second structure the
MASNI3 is sandwiched between the HTM (PEDOT:Psg) #re ETM (ZnO) as
shown in the fig 1(b) and thé"Ztructure is the solar cell with a methylammoniim
triodide absorber layer between the HTM copper @X(@yO) and the ETM (ZnO) as
shown in the fig 1(c).

left contact (back) | left contact (back) ‘ left contact (back) |
Spiro-OMeTAD | PEDOT:Pss | Cu20 |
CH3NH3SnI3 | CH3NH3SNI3 | CH3NH3SnI3 |

Zn0 | Zn0O | Zn0 |

Sn02F | snO2F | SnO2F |

right contact (front) ‘ right contact (front) ‘ right contact (front) ‘

@ P ® Pl © i

Figure 3 1 Architectures of different HTL materials

(@) Spiro-OMeTAD(HTL)/MASNI3/ ZnO/ SnO2:F
(b) PEDOT:Pss(HTL)/MASNI3/ ZnO/ SnO2:F
(c) Cu20(HTL)/MASNI3/ ZnO/ SNO2:F
SCAPS, a 1D solar cell simulator, hails from Unsrgr of Gent's ,Belgium ELIS
(Electronics and Information Systems) departme8}.[2
Beyond simulating basic photovoltaic structurédSABS now handles
amorphous and crystalline solar cells (a-Si ,@8d GaAs) [26].This software has
the major number of DC and AC measurements irdifft temperatures and also in

light and dark illumination.
It solves the fundamental SC equations in 1D usteady state condition.

Fig2 explains the simulation process using SCAPS.
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‘ Launch SCPAS |

Y

| Click Set Problem ‘

Y

Give input

parameters

Y

Set Working Condition

b4

Specify the Action to be measured

v

Run the program

Figure 3 2 SCAPS working procedure.

To examine the effect of diverse electrical paramseton the PCE of
SnGx:f/ZNnO/CH;NH3Snk/Spiro-OMeTAD,SnO2:1/Zn0O/
and Sn@f/znO/ CHNH3Snk/Cuw,O heterojuction-based perovskite solar cell
structures. Fig 3 shows the energy band alignmean® based Sn PSC along with

typical perovskite materials.
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Material parameters and values of device whichlaanput for the simulator
are cautiously adopted from those reported in #tema results and other
experimental data and extracted from publishediestudlhe individual materials
parameters for Snd, ZnO, CHNH3Snk, Spiro-OMeTAD, PEDOT:Pss and &
are entered in the forms of thickness , dielegécmittivity (¢) , bandgap (Eg),
valence band density of states (Nv), conductiordldensity of states (Nc), electron
affinity (y), hole mobility (up), electron mobility (un) , amtor density, (N) donor
density (Nb). These values are reported in Tablel.

Table 1 Parameters used in SCAPS -1D for PSCstaathres

Parameters SnQ F Zn0O CH3NH3Snl; | PEDOT :Pss SpiroOMeTAD CuO

Thickness(nm) 500 50 900 200 200 200

x (ev) 4 4.26 4.17 1.57 2.05 3.2

er 9 9 8.2 3 3 7.11

Ey(ev) 35 3.2 1.3 3.6 3.17 2.17

N, (cm™) 1.81x16° 1.81  x 1.00x 16° 1.80 x 16° 1.81 x 16° 111 x
10% 10"

Hn (cm?/Vs) 10 5 1.60 400 2.00 x T0 80

N (cm®) 221x16° 2.01  x 1.00x 16" 2.21 x 16’ 2.20 x 16° 202  x
10'® 10"

He (CMPIVS) 20 200 1.60 10 2.00 x 0 200

Np (cm®) 2.00x 16° 1.50 X - -
10"

Na (cm) - 1.50 x 16 2.00 x 16° 2.00 x 16° 2.00 X

10"
References [04,10,11,] [07,08,09] [25,05,06] [13,13 [14,15,16 [17,18]
,17,18]

From Table 2, it can be perceived that the dewmtuding CyO as hole
transport material (Snd/ZnO/MASNnE/Cw,0) has given the best performance. This
suggests G as a appropriate HTM layer.

Along, the result justifies the possibility of oproposed structure with ETM
(ZnO) to be considered as a possible alternativ®hwentional PSCs [24].
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Table 2 Performance of Psc with various HTM layers.

PSC Lo (MA/cm?d) Voc(V) FF (%) PCE (%)
Sn02:F/ZnO/MASNI3/PEDOT:Pss 41.72 0.7853 73.77 24.1
SNn0O2:F/ZnO/MASNI3/Spiro-OMeTAD 41.85 0.7868 74.41 25
SnO2:F/ZnO/MASNI3/Cu20 42.47 0.8044 74.23 25.36

2.2 Influence of the thickness of absorber layer ogolar cell performance
with different HTM layer.

Thickness of MASnd is one of the major parameters and plays a \tal on
the overall performance of the solar cell.

To absorb the maximum number of photons and torgémelectron-hole pair,
absorber layer should set for optimum thicknes$.[19

Thickness of CENH3Snk has been varied from 50 nm to 900 nm with the
PEDOT:Pss/ spiro-OMeTAD / GO HTM layers and ZnO as the ETM layer.

By varying the thickness of MASglall the parameters of the PSCs such as
(VOC), (JSC), (FF) and the (PCE) are changing.résalt is shown in Fig 4.
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From the above graphs; the thickness changed fil@mn® to 900 nm. It is
noticed that the efficiency increases and all patans are highest at 900nm. The
PCE Increases with increasing the thickness. Itbeaexplained by the augmentation
of creation of the electron- hole pairs in the\setmaterial. It means the increase of
optical density.

CHsNH3Snk-based solar cells exhibit an efficiency sweet spith respect to
absorber layer thickness. While increasing thicknehort-circuit current (Jsc)
enhances due to the greater photon absorptionteardes generation, it also increases

recombination losses when charge carriers havaveltfurther for diffusion [24].

The results show clearly that the structure ineclgdCypO as HTM layer has the

highest performance.

2.3 Effect of doping of the absorber layers on thBV performances.

To understand how the acceptor doping concentraidy) of the perovskite
absorption layer with different HTM layers (Spird@TAD, PEDOT:Pss, and GQ)
can affect the performances of solar cells sl 8H:Snk layers with the values of N
varying from 16°cm-3 to 1d’cm™ are considered. Doping of a photoactive matemial i
the solar cell structure decides the electricalabir of the layers which will affect
the PCE of the device [19]. Fig 5 provides the P@Esolar cells with different
acceptor densities of the perovskite and with diifie HTM layers, and the maximum
value of PCE appears at the Nf 1.51x13° cm® for both devices with HTM layers
(PEDOT:Pss, and Spiro-OMeTAD) respectively and e of 1.0x16° cm® for
device with Cu20 as HTM layer. FF also related he thange of N for the
perovskite, and all structures (SnfQZnO / CHNH3Snk/ Spiro-OMeTAD, Sn@f
1ZnO/ CHNH3Snk/ PEDOT:Pss, and SR@ZnO / CHNH3Snk/Cw,O) arrive at
their maximum values when thesNs approximately 1.5x¥® cm®. Hence, an
appropriate doping concentration of the perovskitgorption layer is beneficial to the
improvement of the photo-absorption efficiency éimel Jsc. However, the Voc drops
rapidly when the N exceeds 1.0x¥fcmi® in all three models mentioned earlier.

Doping concentration plays a double-edged swoleliro(Voc). While higher
doping initially enhances the built-in E-field, #lso fuels a rise in Auger
recombination, ultimately hindering further Voc irogements.
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The differing performance observed in the threlés Gcross varying doping

levels can be attributed to this interplay betwkeld and recombination dynamics.

The improvement of the E-field promotes the pamitof carriers and then the

development of the PCE [21].
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Figure 3 5 Effect of the Absorber density of PS€oaler layer on PV performances.

2.4 Effect of temperature

Temperature also effects the PCE of a solar celic&tre. General operating
temperature of the device is 300 K, but at the peadditions, the temperature is
higher than 300°K. Temperature changes influeneediffusion length and series

resistance eventually leading to the changes iR @¥e of the structure [19].

The temperature of the software representatioratied from 300K to 450K.
Fig 6 shows the distinction of PCE as a functiorteohperature for HTM layers. All
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HTM layers show similar attitude: inverse propantigtemperature increases-
performances decreases).

26 4
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Figure 3 6 Representation of the variation of PGEhhe temperature.

As shown in the graph, as the temperature incretseefficiency increase by
increasing the series resistance. At the high teatpe deformation stress will be
more and less connectivity between the layers [EHds to the more interfacial
defects.

In the high temperature (450 K), the perovskiteasaell with the copper
oxide (CuyO) as HTM layer, is better at higher temperatureenvicompared to the

remaining two PSCs with PEDOT:Pss and Spiro-OMeTasCHTM layer. However,
the best working temperature of PSCs is 300 K.
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3. Comparative study of different ETM in a Psc

3.1 Modeling of PSC and simulation

We have considered T4O and ZnOas Electron transport layer
withmethylammonium lead iodide (MAPbLI3) and metmytaonium tin triodide
(MASNI3) as active layers along with four types of HTMdeay are planned to study
the effect of ETMs properties and architectureshenefficiency of the device.

The first structure is the device with a (NHH3Snk) is inserted between the
Spiro-OMeTAD and ZnO as shown in the figure 1(a),the second device the
MASNI3 is sandwiched between the HTM (PEDOT:Psg) #re ETM (ZnO) as
shown in the figure 1(b) , the third structurehis tlevice with a methylammonium tin
triodide absorber layer between the copper oxide@F as HTM layer and ZnO as
shown in the figure 1(c), in the fourth and fivttrugtures the active layers are
inserted between the Spiro-OMeTAD and 7i& shown in the figure 1(d) and 1 (e)
respectivly.

In the sixth and siventh architectures Najmin Aaltana et al, used the
absorber layers (GiNIH3Pnk) between the n-type material (B)Oand the p-type
Spiro-OMeTAD layer and between the n-type matgZalO) and the p-type Spiro-
OMeTAD layer as shown in the figure 1(f) and 1(g3pectivly.

M.l. Hossain et al used themethylammonium lead dedabsorber layer
between the copper oxide (1) as HTM layer and Ti®in the eighth structure as
shown in the figure 1(h).

The nineth architecture Hui-Jing Du et al, usedatigve layer (CBHNH3;Snk)
with TiO, as ETM layer as shown in the figure 1(i).

Both teams of T.Chakrabarti and U.Mandadapu usé@ absorber layer
(CH3NH3Snk), the first team used it between the HTM (Spiro-€€©MD) and the
ETM (ZnO) and the seconde team used it betweerHiid (Cul) and the ETM
(TiOy) in the Tenth and eleventh structures as showrdigare 1(j) and 1 (k)

respectivly.
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left contact (back)

left contact (back)
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(a) Spiro-OMeTAD(HTL)/MASNI3/ ZnO , (b) PEDOT:Ps§H¥MASNI3/ ZnO ,
(c) Cu20(HTL)/MASNIZ/ ZnO

left contact (back) left contact (back)
Spiro OMeTAD Spiro OMeTAD
CH3NH3PbI3 CH3NH35n13
TiO2 (Buffer) TiO2 (Buffer)
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TiO2 (Buffer) Zno (Buffer)
SnO2:F (Front contact)| SnO2:F [Front contact)
(£) JEHH (2) N

(f) (Color online) Cross-sectional schematic diagr of p-i-n perovskite solar cgDb],

(9) (Color online) Model cell,
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F: (eV) -3.20
Gold
Cu,0
CH,NH,Pbl, CHNH,Fbl;
TiO,
: EXe -7.46

Light
(h)
(h) (Color online) Device structure and energy ladiagram of the
TiO2/CH3NH3PbI3/Cu20/AB1]

left contact (back) Metal contact
Spiro OMeTAD Spiro OMeTAD
CH3MNH35nI3 CH3MNH35nI3
TiO2 (Buffer) ZnO (n)
TCO TCO
glass substrate Metal contact

(i) i () i

() (Color online) Shematic diagram of the CH3NHBSRSC[32], (j) Shematic diagram of
the proposed ce[B3]

Au (0.015 pm)

Cul (0.2 pm)
CH3NH35nI3 (0.6 pf
TiO2 (0.1 pm) |

Zn0: Al (0.2 pm) |
& N

(k) Shematic diagram of the CH3NH3SnI3 PSC withaSuHTM model (see online version
for colours)34]
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left contact (back) left contact (back)
Spiro-OMeTAD PEDOT:Pss
CH3NH35nI3 CH3NH3S5nI3
TiO2 Ti02
SnO2Z:F SnO2:F
right contact (front) right contact (front)

id b4
o [l oD p fHh
(L)) PEDOT:Pss(HTM)/MASNI3/ ZnO , (M) Cu20(HTM)/MAS ZnO.

Figure 3 7 Architectures of twelve schematic witfedent HTM layer

To compar between ZnO and Ti@nd to examine the effect of different
electrical parameters on the efficiency of all hgjiections-based perovskite solar cell
structures we and all authors used the SCAPS-1Duagerical simulation. Fig 2
shows the energy band alignment of ZnO and,Taf@ng with typical perovskite

materials used in conventional PSCs.

iy =
=5 —
=10 —
=15 -
2.10 i
20— =205
0 =
T =162 Splro 3.6
o 43 [ ] Gl AOMeTAD
5 =40 — : . -3.53 .
u 45 44 | ChiyNH,Snl, | CuyO
B LS5 [ [ | | PEDOTPss
1: -
8 -s0 - T || CH:NH,F'bl;
5 ] ) 52 ~5.25
- y TiD2 5.43
6.0 = SHOLF Zn0
=5
=70 —
| ) -1.46
=40 = = a7
o 7.87
-85 -]
L

Figure (111.8): Energy band alignment [24]

In this part, we have used ZnO and 7&3 Elecrton Transport Material layers
for the simulation of PSCs. All the ETM layers usedhis work have been reviewed
in many publications as the ETM layer along withr&®MeTAD, PEDOT:Pss, Cul
and CyO as the HTM layer of MASgland MAPDb} based PSCs.
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Material parameters and values of device whichlaanput for the simulator
are carefully adopted from theoretical and expenitaleresults.

The individual materials parameters for $i€) ZnO,TiIQ CHz;NH3Pbk,
CH3NH3Snk, Spiro-OMeTAD, PEDOT:Pss, Cul and £uhave to be inserted in
(Np), (Na), (EQ), €), (), (Nc), (Nv), (un), (up). These values are rembrteTable3.
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Parameters

SnO2 :F

Thickness(nm) 500

Eg(ev)

x (ev)

er
Ne (cm®)
Ny (cm®)
He (c/Vs)
Hn (CNF/Vs)
Np (cm®)
Na (cm®)

References

3.5
4

9

2.20 x 16°
1.80 x 16°
20

10

2.00 x 16°

[40,45,35)]

CHAPTER 3 RESULTS & DISCUSSION

Table 3 Differents parameters used in SCAPS-1MDlabor of Psc

Zn0O
50
3.2
4.26
9
2.00 x 16°
1.80 x 16°
200
5

1.50 x 167

[43,31,44]

TiO2 CH3NH3SnI3
50 900

3.2 1.3

4 4.17

9 8.2

1.00 x 16° 1.00 x 168

1.00 x 16° 1.00 x 1068

0.02 1.60

2 1.60

1.00 x 16°

- 1.50 x 16°

[45] [39,41,42]
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CH3NH3PI8piroOMeTAD
900 200
1.55 3.17
3.90 2.05
6.5 3
1.80x16°  2.20x 16°
1.80x16°  1.80x 16°
0.5 2.01 x10
0.5 2.01 x 10
1.00x 16°  2.00 x 16°
[46,47,48] [38,39,40,41,42]

PEDOT :Pss
200
3.6
1.57
3
2.20 x 10’
1.80 x 16°
10
400
2.00 x 16°

[36,37]

Cu20
200
2.17
3.2
7.11
2.02 x 16/
1.10 x 16°
200
80
2.00 x 16°

[15,16]

Cul
200
3.1
2.1
6.5
2.2 x10°
1.8 x 1d°
20
4.39
1.00 x 16°

[10]
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3.2 Numerical analysis for various ETM candidates.
From Table 4, it can be perceived that the devimastaining TiQ as Electron
Transport Material (TIGMAPDI3/Spiro-OMeTAD, TIQ/MASNI3/Cul and
TiO2/MASNI3/Spiro-OMeTAD) have given the best PCE among &l RSCs versus
the cells that contain ZnO as ETM.
Table 4 Efficiency of PSC with two different ETIVdes.

Our results (Efficiency %) Literature (Efficiency %)
Sn / TiO2 / Spiro-OMeTAD (25.29 %) 23.36 % [32]
Sn / TiO, Sn / TiO2 / PEDOT :Pss (24.95 %) 18.34 % [74]
Sn / TiO2 / Cu20 (26 %) 24.82 % [19]
Sn / ZnO / Spiro-OMeTAD (24.5 %) 22.9 % [33]
Sn/ZnO Sn /ZnO / PEDOT :Pss (24.17 %) 23.69 % [75]
Sn /Zn0O / Cu20 (25.36 %) 20.23 % [24]
Cellule solaire pérovskite PCE (%) References
Spiro/Pb/TiQ 30.35 [29]
Spiro/Pb/TiQ 27.6 [30]
Spiro/Pb/ZnO 27.5 [30]
Cul/Sn/TiG 25.91 [34]
Cw0/Sn/ZnO 25.36 [49]
Spiro/Sn/ZnO 24.5 [49]
Pedot/Sn/zZnO 24.17 [49]
Spiro/Sn/TiQ 23.36 [32]
Spiro/Sn/ZnO 22.9 [33]
Pedot/Sn/TiQ 24.95 -
CwO/SnITIG 26 -
Spiro/Sn/TiQ 25.29 -

The tin oxide MASrY PSCs with different parameters are analyzed biygusi
1D-device simulation in the first part in this wo&nO is proposed as the ETM for
MASNI; based PSC and the PCE of the device is also dtwdif three different
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HTM layers. Doping level of the active layer, theckness , and temperature are
varied to study the optimized PCE.

The results show that solar cell containing@as HTM outperform all other
devices with organic or inorganic HTM hitherto &xt[44]. A Power conversion
efficiency exceeding 26% was obtained (figure 9he Tresults of this proposed
structure will become a good conduct for the pladow-cost high efficiency tin
halide PSCs in future,

75.2 -
08057 8044
75.0 -|
748 | 0.800 -
Lo 746 < 7972
o
L T 0.795
L 74.4 £ _
—a— With ZNO
—e— With TiO2
74.24 0.790 -|
74.0 - 2l
—e— With TiO2
86 0.785 -|
738 | 377
T T T T T T
PEDOT Pss Spiro-OMeTAD Cu20 PEDOT:Pss Spiro-OMeTAD Cu20
Perovskite solar cell Perovksite solar cell
43 4 3138 26.0 26
432 25.8 -
430 25.6+
S ans —a— With ZNO 254 4 536
i e .
< —e— With TiO2 §25_2_
ﬁ 426 - &
© 250
£ 247 = 95
g 424 Wosg
Q 84
422 4 ] —=— With ZNO
) —e— With TiO2
42.04 24.4
4184 1.85 242 ] 7
41.6 T T T 240 T T .
PEDOT Pss Spiro-OMeTAD Cu20 PEDOT:Pss Spiro-OMeTAD Cu20
Perovskite solar cell Perovksite solar cell

Figure 3 9 Comparative study of ZnO et TiO, in a perovskite solar cell

In the second part, two different candidates foMEWere employed and basic
cells parameters were disputed.

The results illuminate that the solar cells witle tBTM (TiQ,) can attain
relatively higher efficiency but current studiessbaevealed that the ETM (ZnO) can
be used as a proper substitute of TiO2 withoutctifig the PCE of PSC significantly.
Furthermore, using the ETM (ZnO) nanorods insteddthe ETM (TiO,), the
processing price of PCS can be reduced.
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4. Wireless network local using perovskite solar cell.

4.1 Introduction

Telecommunications connect us remotely, sendifgrimation electronically
or digitally through wires, light, or radio wavehi$ field deals with information
transfer, defining standards for transmission medasuring relevant physical

properties, and analyzing signal propagation [60].

The method and the composition according to thiskwoake it possible to
sent data, like as text and sound to one Pc tohand®C or to one smarphone to
another smartphone respectively, through laserRangolar power. With the use of
simple and inexpensive tools such as lasers, Bitiet@rduino, solar cells personal
computer and smartphones and helps to achieveis@sable development goals.

This work is divided in two parts, one hand, tangait the sound; the audio
source translates music into tiny, fluctuating eleal signals sent to a laser through a
cable.

These signals represent the exact sound wavesa&espconnected directly to

this source would produce,

Rapid changes in voltage from the audio sourcetrabnthe laser's

intensity, transforming sound waves into light flustions.

Brighter laser pulses trigger stronger electriarents in the perovskite

cell, mimicking the audio signal's ups and downs.

The electrical signal, shaped by the music, flteveugh the speaker, causing

its membrane to vibrate in sync.

These vibrations generate sound waves mimickiagtiginal music, just like

a regular speaker connected to the audio device.

On the other hand, to transmit the electronic ngssar the texts, by a simple
communication system transmits serial data byramfa transmitter to a receiver via
a laser beam powered directly from an output piaroATmega328 (Arduino) based
microcontroller board. Because the laser draws 8@lynA from the processor which

has outputs rated at 40 mA.
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The ATmega328 is the central controller for thererdmart card unit. It has
14 digital input/output pins, 6 analog inputs, 16i#quartz crystal, USB connection,
power jack and reset button.

The board can be programmed with Arduino softwHd&). It can operate on
an external power supply of 6 to 20 volts.

The solar cell as a receiver, it converts the gnefgthe laser beam into a
current which passes through the second Arduino.

Computers with keyboard and screen are requiredhferproject. One is for
giving input and the other is for getting outpuig.FL displays the all things we’ll
need.

Clips lead
Perovskite

solar cell

i‘ o a Two laptops

Bluelooth

¢ e
U et
v
- -

Two Arduino

Batteries

Figure 3 10 Things we’ll need.

4.2 Diagram, device structure and simulation
A. Trnsmission of sound :

a) Emitter:

The microphone application opens on the smartphocmenected to the

Bluetooth device.

Bluetooth is associated via a coaxial electricalngztion (audio jack) with a
coil to make sure the exclusion of interferencenfra power supply or an analog
signal, to create a filter for a particular freqogtand.

And to smooth direct currents (noise is eliminatddie coil is connected in

series to a battery and the laser to turn it orfgpably a blue laser) (more efficient
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than other colors), which converts electric curnatd light photons at a distance

more than 1 or 2 knfig.2 shows the emitter pe¢
=% N

dan @

Figure 3 11Compounds of Emitter part of transmission of sc

A
i
|

b) Receiver :
The simplest paris the receiver. Connect the PSc to the midioJack, and

plug it into thestereo phaoo input or amplifier.

The photons generated by the laser are receiveth&®PSC which has a higl
absorption coefficient. These photons are transédrinto electric current, until tt
amplifier passes which converts the electric curmeio sound wave Figure 3 shows

the diagram of the receiver ¢ [73].

Perovskite

Solar cell

Amplifier

Figure 3 12General diagram of the receiver part of the trarssion of soun

B.1 Perovskite / Silicon Solar Ce
A comparative study is presented in this work betweno structures. On th

one hand the silicon solar cell and on the othadhhePSc.

88



CHAPTER 3 RESULTS and DISCUSSION

The proposed PSc device is “back contact /TCO/(EEMD(n) / (Active layer)
CHsNH3Snk / (HTM) PEDOT:Pss(p) / front contact.” In this RSzt planer p-i-n
heterojunction structure with the layer arrangenwnp-doped PEDOT: Pss and n-

doped ZnO layers are used as HTL and ETL, respdytiv
This structure as shown in Figure.4(a). The propadecon solar cell architecture

is “metal contact / p-layer / n- layer / metal @it as shown in Fig.4 (b).

left contact (back)
PEDOT:Pss
CH3NH3sSnI3 | -
700 left contact (back)
SnO2:F e
n-layer
right contact (front) T ———_—

i 1 P

(a) (b)
Figure 3 13 Schematic representation perovskitarsmll (PSC) and silicon solar
cell (PN)

B.2 Simulation Parameters:
The values of material parameters used in the sitmwulare exported from

literatures and theories are exposed in the nexieTa

Effective Nv and Nc densities of 1.80 x*@mand PEDOT:Pss are 2.20 x
10'cm™, respectively, and are measured in this plannedcele[69].Thermal
velocities of the hole and electron of (ETM) ZnQCe @oth rest to be equivalent
tol0’'cm/s for this device. The defects are set to berakedefect and single with a
(Ev) of 1.6 eV, located at total density of 1.00®° cm. The constant Af, is equal
1x1C to obtain the absorption coefficient, alpl, (vherea = Aa * (hvEg)/? [69].

Table 5Simulation parameters of MASREC and PN junction
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Parameters Sn0O2 :F ZnoO CH3NH3SnI3 PEDOT P-layer ndyer
Thickness(nm) 500 50 900 200 2000 500
x (ev) 4 4.26 4.17 1.57 45 4.5
er 9 9 8.2 3 10 10
Eq(ev) 35 3.2 1.3 3.6 1.2 1.2
N, (cm™) 1.81x16° 1.80 x 16° 1.00 x 16° 1.81x16°  1x10° 1x10°
N (cm™) 2.21x16°  2.01 x 16 1.01x16°  221x16" 1x10° 1x10°¢
Np (cm®) 2.00x16° 1.50 x 16’ - - - 1x 107
Na (cm™®) - 1.50x 16  2.01x16° 1x10° -
Hp (cm?/Vs) 10 5 1.60 400 5 5
He (cM?/Vs) 20 200 1.60 10 5 5
References [63,69,70,] [66,67,68] [62,64,65] [6172

B.3 Results and discussion.

To accurately represent real-world conditions, smulated the proposed
devices in SCAPS software, incorporating comprelvendata on defect states. The
efficiency of the silicon (pn) solar cell is acheslv21.84 %, the Voc of 0.7397 V and
the FF of this solar cell is 82.18 %. The Jsc 0f35nA/cnf

Concerning the PSc (p-i-n), is achieved 24.17%{fafiency, along with the FF of
this structure is observed as 73.77%. and the Mo00.7853V. The Jsc of 41.72
mA/cn? .

The work relates to a method for using perovskitiarscells to transmit sound
remotely, using blue color laser and Bluetooth @aarect it to any smart phone and

use it as a microphone solar powered.
B. Transmission of text:
A) Emitter:
a.1 Sending and work principle

The transmitter consists of a PC with a keyboawt @am Arduino. The input is
given during the keyboard (example: AbCdE). Theuhnd (1) converts the text into

8 bit binary. On the transmit surface, a UART (Wrsal Asynchronous Receiver
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Transmitter) must create the data packet appersying and parity bits and send that
packet out the transmission line with precise tognima a laser beam. Fig.5 shows the

emitter part.

laptops Arduing Laser

Figure 3 14 The emitter part.
Arduino-1 is used to convert the alphanumeric ottara into 8 bit ASCII
code. For the code, we have to do the followings:
» Take the characters as input.
» Convert the characters into ASCII code (Characets)Sof which the start bit
isl.
* The delay is set 10ms between two consecutive bits.
» Set the delay of 100ms between two consecutivesBili@yte = 8 Bits)
* Upload the code

a.2 Source code

The Arduino IDE is a software application used dewveloping programs for
Arduino microcontroller boards. It provides a textitor for writing code, a message
area for displaying notifications and errors, aatiaus menus for managing projects
and settings. Additionally, it allows users to wadgrograms to the Arduino hardware

and communicate with the board to monitor its opena.
B) Receiver:
b.1 Receiving and work principle

The receiver contains a solar cell, an Amduand a PC with a monitor.
When the laser beam is incident on the rsalall, it converts the data

containing light signal into a current and thisremt flow through the Arduino (2).
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This Arduino converts the bits into correspondifghanumeric characters and the

computer monitor shows them. Fig.6 shows the recgart.

solar cell Arduing laptops

Figure 3 15 General diagram of the receiver part

Laser beam is sent to the solar cell and solamos¥l receives the information.
The solar cell is associated with the Al pin araligd.

After read-through the value of the solar cell gshuilt in “Analog Read
Signal” both when there is no light on the lased awhen there is light on the laser.

We then set the THRESHOLD value for the solar loglexamining the value
from “Analog Read Signal”.

In setup, we consider the solar pin Al as input Aixdhe Serial.begin to
9600. Then we take the reading from the solarlpithe Reading from the solar pin is
greater than the threshold, then we considerbetd’, if not it is considered as ‘0'.

These binary bits are stored in an array. We setighay to ‘100’ to match the
delay of the sending side. Anything other thanth®,interpretation will not be right
and it can produce false result.

The binary bits are converted to ASCII value. Thie® ASCII values give us
suitable characters.

Future research should focus on integrating thHsc Rvith the proposed
wireless technology to validate its ability to tsamt sound or data signals via the

system's laser beam.

The field to which the present study relates towvireless network local based on
perovskite solar cell, in several fields such asication, training and scientific
research
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5. Sustainable antiseptic tunneling for antivirus leaemful than covid19

The COVID-19 pandemic is devastating, and othemsés are less harmful but
dangerous.we can help slow down its spread by vimllg the infection control
practices and by using a sustainable system tofddiand sterilize outgoing and
incoming people in areas that must work in hygieztoaditions such as: hospitals,

establishments, laboratories, schools, barracks... et

And abiding by the rules and instructions issuedthmy authorities, which will
ultimately take the pressure off [50].

Often the virus spread between people via smalpldte® produced during
coughing, sneezing, talking, or contact [51,52théy are touching a contaminated

surface and then their faces, they are may alsonbeanfected[53].

The first disinfectant tunnel was installed is ihita amid the coronavirus outbreak
on February 10, 2020 [54]. This was imitated byeottountries. In Algeria, the first

“disinfection tunnel” of this kind was launchedearly April,2020.

Major health organizations, including the Worldatte Organization (WHO),
the Pan American Health Organization (PAHO), arel Alfrica Centres for Disease
Control and Prevention (CDC), have all issued gjrstatements against the use of

humanspraying [57].

The Allergy Society of South Africa expresses gigant concerns regarding
the practice of humanspraying, highlighting potaintdverse effects on individuals
with asthma, allergic rhinitis, allergic conjundtig, and eczema, according to reports

provided by the World Health Organization.

The Algerian Ministry of Health decided to withdraterile passages, as they
are dangerous to the safetyof the sector's usersyell as the citizens coming to

hospitals.

In this work, we combined the solar photovoltarergy in the disinfection
tunnel to use it as a source of energy for theéniog of the pump of the disinfectant
liquid spraying circuit and the detector (photogetf the passage of the persons or of

equipment.
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The sustainable unit worlwith the principle of eliminating harmful bacte
that they transport people, during the nsition of individuals carryin

microorganisms, i& cleansing substance not harmful to human hesatiscovere.

5.1 Design and work cadisinfection tunnel.

The rigdity of the structure of this unit, made of alumin, stainless steels
other noneorrosive material, allows it better stability aace PVC piped with th
distance varying from 1meter to 2 meters.The usitmobile, with four wheel
equipped with a bkang system, to facilitate its movement and its ipmsing in

complete safety.

These tunnels are equipped with infrared detec®ndor) which activate tt
pump of the disinfectant liquid spraying circuit darthe detector (photocell
whenever a persomeers58].

Type we used of These spray stations isDynamic ty@se tunnels or we-
through passages in which the person moves -2 meters andthe device spr:
disinfectant throughout the pat’59]. Opposite of the seconStatic type being
circularenclosure in which the person rotates inside thost for 1(-15 seconds and
the disinfectant is sprayed from all nozz A temperature sensor can also be inste
at the entrance to ensure the feverish state ofp#rson passit through the

disinfecton unit, as shown in figure

Figure 3 16Schemati of Sustainable Disinfection Tunnel (SI[76]
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5.2 Solar system model.

The purpose of an autonomous solar system is teidecelectrical power
everywhere and at any time to secure sensitivecdsuwvhen the network fails. The
size of the system varies greatly depending onwopsion and geographic location.

5.3 Contents of the solar kit

» Two polycrystalline solar panels 150 Wp - 12 V.

» Specific solar cable between the panel and thdatgu

» Solar regulator 30 A - 12/24 V.

* Two sealed slow discharge batteries, 12 V - 110 Ah.

* Inverter that converts the 24 V DC (direct currdrin the battery into 220 V
AC (alternating current) identical to the network80 VA (600 W).

» Protection box that can accommodate up to 4 citmeidkers, 2 16 A circuit
breakers and a 10 A are integrated in the kit togut the panel, the battery
and the 24 V output. A circuit breaker can be addedn inverter by

example.

Figure 3 17 Cable Schematics of the solar system.
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5.4 Energy needs assessment

Generally, in disinfection tunnels, we are integdsh equipment using current
from the sector. From this material, we calculatezlenergies consumed during each
use. These results are reported in Tables 1.

Table 6 Electrical equipment used in the station

Device Energies (Wh)
Water Pump (motor) 370 w x 4 hours
2 Spots ( Led) 12x 4 hours

The COVID-19 pandemic is devastating, but by follogv the infection
control practices and abiding by the rules andrucsibns issued by the authorities,

we can slow down its spread [50].
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6. Wi-fi station & solar powered smart-phone chargerswith a money multi
coin selector

According to the Strategy Analytics study, by 20838 number of mobile
devices will continue to increase until it reacla@saverage figure of 4.3 devices per
person. The race towards an ever more connecteadimaoaicating and interactive
world is on. However, autonomy remains the maintade to this development. In
order to counter this problem, alternative solugibave been designed.

The Wifi station and solar-powered smart-phone géia with a money multi
coin selector is part of this line of offering Witir people who want to connect and
recharge their computer tools quickly and effidignin indoor or outdoor
infrastructures. In addition, with the arrival dfet Wi-Fi station and solar-powered
smart-phone chargers.

The Wi-Fi station and solar-powered smart-phonerggra with a money
multi coin selector will considerably increase kisty and the return on investment
period will be greatly reduced.

If the Micro portable and the Smart-phones of todesy much more powerful
than the telephones of yesteryear, they consumee;mand who says high
consumption says reduced autonomy. Nothing is naomeoying for Smartphone
addicts than we are to run out of battery.

It is around this reflection that the idea of builgl a solar station in sight
within the public tourist spaces. A project for ygupeople who want to work at
home.

An installation that will remain autonomous in ajpaces that will benefit
everyone (example: telephone charging points in @van 2022 Mediterranean

games)

6.1 Design and realization of a Wifi station & smatrphone charger with a multi
coin selector programmed with the Arduino.

The structure of this station, in aluminum, stasslesteel or other non-
corrosive material, gives it greater stability. Tétation is mobile, with four wheels
equipped with a braking system, to facilitate it®wement and positioning in
complete safety. These stations are equipped withti-ooin money detector

programmed with the Arduino.
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The type of multi coin selector we used in thigistais CH-926 type. The

plan diagram of our wifi station & solar chargersk®wn in figure 1.

¢ ~ L 4P
Sl l'
/” ._

Figure 3 18 plan diagram of our wifi station & soleharger.

6.2 Contents of the solar kit

» Two polycrystalline solar panels 150 Wp - 12 V.

» Specific solar cable between the panel and thdatmu

e Solar regulator 30 A - 12/24 V.

» Two sealed slow discharge batteries, 12 V - 110 Ah.

» Inverter that converts the 24 V DC (direct currdrm the battery into 220 V

AC (alternating current) identical to the network80 VA (600 W).

Protection box that can accommodate up to 4 citmaidkers, 2 16 A circuit breakers
and a 10 A are integrated in the kit to protect plaeel, the battery and the 24 V
output. A circuit breaker can be added for an iterdoy example.
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Figure 3 19 Cable Schematics of the solar system.

6.3 Energy needs assessment

Generally, in wifi & smart phone charger statiows, are interested in mobile
phones and portable microphones. From this matenal calculated the energy
consumed during each use. These results are rdpori@able 7.

Table 7 Electrical equipment used in the station

Device Energies (Wh)
10 Smart phones (10W for each phone) 100 w x 8shour
4 Micro portables (40 W for each micrp) 160 w xauts

99



CHAPTER 3 RESULTS and DISCUSSION

6.5 Schematic plan (CH-926 / Arduino) and Source de.

A coinslot is a device used in vending machinegpassible for checking
whether a coin conforms to a given value. More meogodels usually accept a whole
series of coins and sort each according to itsevaline schematic plan as shown in
fig 19 .

| I DEI2Y,

Relay module (5V/220V)

o

@] GND

piné pin8

Figure 3 20 Schematic plan of CH-926 / Arduino

In this example we want to program 1 coin type:D80coinl impuls.

Here is the process how to plan the acceptor tavkaneet of 1 coin.

To start pressing plus (+) and minus (-) buttonsrasuntil A is shown.
Button E should be displayed.

With + - buttons we select number of types of coinm our case.

A

Setup again H1 is displayed. Here with + - we dehemnber of sample
coins we would use to program this first type ahco
5. Setup again P1 is displayed. Here we select nurabempulses that
would represent the first coin. In our case it Wil 1 impuls for first coin.
6. Setup button F1 is displayed. Here we set sensit{G).
7. Setup button H2 is displayed.
8. When done LED display again shows A. After presSetup it changes to
E. At this stage we can power off coin acceptor.
9. When pressed again we get A1 and we are readyriplsdirst coin. Slot
the coints one by one.
10.When done indicator LEDs blink. The coin accepter ready to be

programmed with the arduino and used with the redaglule in our station.
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General conclusion

GENERAL CONCLUSION

The main goal of this thesis is to find new solatlsc based on lead-free

perovskite with different HTM and ETM layers. Thisakes it possible to optimize
the stability and the cost of manufacturing theseoyskite cells, as well as the
technology for mass production.

The main objective of the first part of this thelsigo study and compare two
active layers (MAPDbI3) and (MASNI3) with several MTand ETM in a perovskite
solar cell and with different parameters are aredyasing a one-dimensional device
simulation. ZnO and TiO2 are offered as electrangport layers (ETL) In the future,
the results of these proposed structures will becangood guide for the design of
high efficiency and low cost tin halide perovsigstdar cells.

In the second part, we presented a simples praogsst the voices and texts
on a laser beam and transmit it remotely via aysite solar cell (Wireless network
local based on perovskite solar cell), With the aiséne Arduino.

We then proposed a new structure of a sustainabj@pal tunnel (SDT) and
help the community to contribute to reduce virusesing renewable energy. If
researchers find a cleaning substance not harnofuhuman health reverse the
materials currently used condemned by the WorldltHe@rganization. Will give
good results to contribute to the use of solargnér eradicate viruses less harmful
than corona virus.

In the last part, we are interested in studyingnalbwifi station and a smart
phone charger, secured using solar energy withreegnooin selector. It can be found
in green spaces, public gardens and service ssatiotside the city as well as at bus
stops.
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Perspective

Perspective
The prospects envisaged for pursuing this doctibradis are numerous. First, it is
necessary to continue to develop new high-perfoomamixed structure. Several

avenues exist for continuing the work on the regepresented in this thesis,

* We will simulate and optimize a mixed structure dzhoon MASNI3 and
MAPDI3 using a SCAPS-1D dimensional simulator.

* We will simulate and optimize a mixed structuredzhen two HTM layers.

* Make a perovskite solar cell based on tin as thiweatayer, ZNO as ETM,
and Cu20 as HTM, for use in our perovskite soldrbmsed wireless network

local.

Then, regarding the development of the wirelessrapltone based on perovskite
solar cell, other studies are currently being earrout with the aim of using the
Arduino to transport data by solar cells basedevbpskite.

Finally, it requires the integration of perovskitased solar cells into stand-alone
systems.
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Abstract
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, Spiro-OMeTAD, ZnO,uaill awsi, CH3NH3SNI3, PEDOT:PSSuiSud 5 jull:isalisal) cilakl)
, SCAPS-1D4=slIHTM,

RESUME:

L'objectif de cette thése porte sur la conceptiofaealyse de nombreux dispositifs de cellulesises
pérovskites. Pour étudier I'efficacité et les perfances de ces cellules solaires, le logiciel SCABSst utilisé
dans la simulation. L'efficacité des cellules selsia base de MASnI3 et MAPDI3 avec diverses cauclee
matériaux de transport de trous (HTM), y comprig®@MeTAD, PEDOT:Pss et Cu20, est étudiée. La ceuch
d'oxyde de zinc (ZnO) et le TiO2 sont proposés cemouches de transport d'électrons
L'influence de la densité des défauts, de I'épaisde la couche absorbante, et la températureesyrdrformances
de dispositifs est présentée.

Un procédé simple pour mettre les voix et les ®sta un faisceau laser et la transmettre a distaiac
une cellule solaire pérovskite (Réseau local sassafibase de cellule solaire pérovskite programaverc
I'Arduino). Ce processus est considéré comme un phefascinant de modulation d'amplitude de la luei@
l'aide de vibrations sonores. Par conséquent, aegiion et la simulation de la cellule solairegeékite seront
décrites en détail dans ce travail.

Une étude et réalisation d’'un tunnel de désinfectiorable (SDT) pour réduire les virus moins nocifs
que le corona virus qui se transmettent par lehley@vec I'utilisation d’énergie solaire.

Une étude et réalisation d’'urgation wifi et chargeurs des smart-phones a tgaesolaire avec un
sélecteur multi piece de I'argent, qui permet detmaeen évidence I'économie verte, ainsi que I'otive des
postes de travail.

Mots clé: Pérovskite, CH3NH3SnI3, PEDOT:Pss, Oxyde de cui@giro-OMeTAD, ZnO, HTM, efficacité,
SCAPS-1D

ABSTRACT:

The obijectif of this thesise deals with the desigd analysis of many devices Perovskite solds.CEb
study the efficiency and the performances of thraarscells, SCAPS-1D software is used in the satioh. The
efficiency of MASNnI3 and MAPbI3 based solar cellthwivarious hole transport material (HTM) layersliring
Spiro-OMeTAD, PEDOT:Pss, and Cu20 is studied. Zirile (ZnO) layer and TiO2 are proposed as elactro
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Abstract

transport layers the influence of defect densitysaaber layer thickness, and working temperaturethten
performance of the device is presented.

A simple process to put voices and texts on a lasam and transmit it remotely via a perovskitaisol
cell (local wireless network based on perovskittarseell programmed with the Arduino). This procédss
considered a fascinating example of amplitude natéhr of light using sound vibrations. Therefoilee design
and simulation of the perovskite solar cell will described in detail in this work.

A study and realization of a sustainable disintectunnel (SDT) to reduce viruses less harmful tian
corona virus that are transmitted by touch, withake of solar energy.

A study and realization of a wifi station and sgt@wered smart-phone chargers with a silver muliitc
selector, which highlights the green economy, at agsthe opening of workstations .

Keywords: Perovskite, CH3NH3SnI3, PEDOT:Pss, Copper oxiddroSpMeTAD, ZnO, HTM, efficiency,
SCAPS-1D
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Comparative study of modeling of Perovskite
solar cell with different HTM layers

Abdelhadi SLAMI, Mama BOUCHAOUR and Laarej MERAD
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ABSTRACT-The efficiency of MASnI; based solar cell with various
hole transport material (HTM) layers including Spiro-OMeTAD,
PEDOT:Pss, and CuO is studied. Zinc oxide (ZnO) layer is
proposed as electron transport layer for lead-free CH;NH;Snl; based
Perovskite solar cells. The influence of device parameters such as
doping level of the active layer, thickness of the CH;NH;Snl; layer
and working temperature is discussed. For optimum parameters of
all three structures, efficiency of 24.17%, 24.50%, and 25.36% for
PEDOT:Pss, Spiro-OMeTAD, and Cu,0, respectively is achieved.
To study the optimized performance of this Perovskite solar cell,
SCAPS-1D software is considered.

Keywords: Perovskite, CH;NH;Snl;, PEDOT:Pss, Copper oxide,
Spiro-OMeTAD, ZnO, HTM, efficiency, SCAPS-1D.
LINTRODUCTION
In recent years, Perovskite oxides represent a prominent of
advanced compounds involved in many areas of science
and technology [JTAC 2011 1-3]. Perovskite Solar Cells
(PSCs) show a great performance because of their low cost
fabrication than traditional solar cells [1]. The yield of PSC
mcreases very rapidly reaching the value of 22% [2-4].
Owing the multilayer architecture of PSCs, interface has a
main role to play in performance and influences long term
stability [5]. The CH3;NH;Snl:’s absorber layer becomes a
suitable alternative of CH;NH;Pbl; one because of the
toxicity of this typical PSC [6].
The Spiro-OMeTAD HTM is used in organic photovoltaics
(OPV) and organic optoelectronics [7], but its causes
degradation in the devices performance [8]. Thus,
PEDOT:Pss, or Cu,O replace the spiro-OMeTAD HTM.

The aim of this paper is to contribute to the optimization of
the efficiency of Perovskite solar cell with three different
configurations: Glass/FTO/ZnO/CH;NH;Snl/HTM/Au,
HTM being Spiro-OMeTAD. ID solar cell capacitance
simulator (SCAPS) is applied for this study.

II. NUMERICAL MODELLING AND DEVICE
SRUCTURE

II.1. Numerical modeling
To analyze the effect of different electrical parameters on the
efficiency of PCs, Sn0,:#/Zn0/CH;NH;Snl,/Spiro-
OMeTAD, Sn0,: /Zn0O/CH;NH;Snl;/PEDOT:Pss, and
SnQ,:{/Zn0/CH,NHSnl;/Cu.O heterojuction-based
perovskite solar cell structures, are adopted. SCAPS software
1s used for simulation. Figure 1, explains the simulation
process.
SCAPS is a one dimensional solar cell simulation program
developed at the department of Electronics and Information
Systems (ELIS) of the University of Gent, Belgium. It allows
simulating the behavior of photovoltaic structures. Since that,
there are several modifications in this software such as the
capability to work with crystalline solar cells (c-5Si and GaAs,
family) and amorphous cells (a-Si and micro-morphous Si)
[9]. This simulator has the largest number of AC and DC
electrical measurements which can be calculated in dark and
light illumination and also at different temperatures. It
(SCAPS) solves the Basic semiconductor equations in -
Dimension under steady state condition.

‘ Launch SCAPS ‘

L

A

‘ Click Set Problem ‘

A

y

Give input

parameters

A

A

Set Working Condition

Y

=T

Specify the Action to be measured

L J

Run the

program

Fig. 1. SCAPS working procedure.

ISSN: 2313-0555 1



Articles as a reference

INTERNATIONAL JOURNAL OF MATERIALS
DOI: 10.46300/91018.2020.7.1

Valume 7, 2020

I1.2. Device structure
The cell consists of Methylammonium tin triodide (MASnl;);
considered as absorber layer. N-type (ZnO-ETM) is arranged

at the bottom side, and at the top three p-type (Spiro-
OMeTAD, PEDOT:Pss and Cu,0) are designed as HTM
layer. figure 2 presents the three structures.

left contact (back) left contact (back) left contact (back)
Spiro-OMeTAD PEDOT:Pss Cu20
CH3NH3SnI3 CH3NH3SnI3 CH3NH3SnI3
ZnO Zn0O Zn0O
SnO2:F SnO2:F SnO2:F
right contact (front) right contact (front) right contact (front)

@ Wi o

| M © i

Figure 2:Schematic representation of three architectures with different HTM layers
(a) Spiro-OMeTAD(HTM)/MASnI;y/ ZnO/ SnOs:F
(b) PEDOT:Pss(HTM)/MASnI;y/ ZnO/ SnO:F

(c) CuxO(HTMYMASnly/ ZnO/ SnO»:F
To run the simulation, SCAPS needs material electron mobility (un), hole mobility (up). donor density
parameters; in terms of bandgap (Eg), electron affinity (Np). acceptor density (N,). Table 1 summarizes data
(), dielectric permittivity (&), conduction band density and other theoretical results extracted from published

of states (Nc), valence band density of states (Nv), studies.
—_—— Sn0O, :F Zn0 CH;NH;Snl, SpiroOMeTAD PEDOT :Pss Cu,O
[10,11,12] [13-15] [16, 17-18] [19-23] [24,25] [22-23]
Thickness(nm) 500 50 900 200 200 200
E.(ev) 3.5 3.2 1.3 3.17 3.6 2.17
X (ev) 4 426 4.17 2.05 1.57 32
er 9 9 8.2 3 3 7.11
N, (cm”) 220x10®  200x10®  1.00x 10" 220x 10" 220x 107  2.02x 10"
N, (cm™) 1.80x10”  1.80x 10"  1.00x 10" 1.80x 10" 1.80x 10"  1.10x10"
. (cnt/Vs) 20 200 1.60 2.00x 10" 10 200
iy (cnt'/Vs) 10 5 1.60 2.00x 10" 400 80
Np (em?) 200x10”  1.50x 10" = = = =
N, (cni?) - 1.50x 10" 2.00x 10" 200x 10  2.00x 10"

Tablel : Parameters used for simulation of perovskite solar cell structures using SCAPS-1D

ITI. RESULTS AND DISCUSSION

I11.1. Influence of Absorber layer thickness

The Thickness of CH;NH;Snl; is varied from [50-900]
nm with the three HTM layers (PEDOT:Pss/Cu,0/spiro-
OMeTAD) and ZnO as the ETM layer.
The simulated parameters such as Power Conversion
Efficiency (PCE), Fill Factor (FF), Short circuit current
density (Jsc), open circuit voltage (Voc) of the CH;NH;Snl;
solar cells, are shown in Figure 3.
All photovoltaic parameters are maximum at 900nm. The
efficiency increases with increasing thickness. It will be

ISSN: 2313-0555

explained by the increase in generation of electron-hole pairs
in the absorber layer. Therefore, the optical density increases.
Also, with increasing thickness, the short circuit current (J,.)
mcreases because the thicker absorber layer absorbs more
photons, which creates more electron-hole pairs. Moreover,
with a thicker absorber layer the chance of recombination
increases too; as the charges cross a long distance for
diffusion [26]. The results show that the device including
Cu,O as Hole Transport Material (HTM) has the highest
performance.
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Figure 3: Variation of device performance of absorber thickness layer.

Table 2 recaps all results of PV parameters.

Perovskite solar cell Voc (V) 1, (mA/em™) FF (%) PCE (%)
SnQ,:F/ZnO/MASnL,/PEDOT :Pss 0.7853 41.72 73.97 24,17
Sn0,:F/ZnO/MASnl,/Spiro-OMeTAD 0.7868 41.85 74.41 245
Sn0,:F/ZnO/MASnI/Cu.0O 0.8044 4247 74.23 25.36

Table 2: Parameters of PSC with different HTM layers.

I1.2. Influence of doping of the active layers on the PV
parameters

Figure 4, presents the effect of dopant concentration (doping)
of Perovskite absorber layer on PV parameters. Acceptor
doPing concentration (N,) is varying from 10%cm™ to
10"em™. The maximum value appears at N, of 1.5x10" cm™
for both structures with HTM layers (Spiro-OMeTAD, and
PEDOT:Pss). On the other hand, for structure with Cu,O as
HTM layer N, is 1.0 10'® con™. FF changes also when N, is
varying. And all structures (SnO,:f/ZnO/CH;NH;Snl,/Spiro-
OMeTAD, Sn0;:f/Zn0O/CH3;NH;Snl/PEDOT:Pss, and
Sn0,:f/Zn0O/CH;NH;Snl/Cu,0) reach their maximum values

when the N, is approximately 1.5 10'* em™. Hence, an
appropriate doping concentration of the Perovskite absorption
layer is favorable to the amelioration of the photo-absorption
efficiency, Jsc and FF. However, the Voc drops rapidly when
the N, exceeds 1.0x10'%cm™ in all three considered models.
Its can be explained by Auger recombination rate. Indeed,
increasing doping concentration causes higher Auger
recombination rate. The enhancement of the electric field is
the consequence of the increase of doping concentration. This
characteristic favors the separation of carriers and thus the
improvement of the cell performance [21].

43 -
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. - F— - & Cu20
= s B
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Figure 4: Effect of dopant concentrations of Perovskite absorber layer on PV parameters.

I1L3. Influence of temperature

To understand the effect of temperature on the electrical
performance of the solar cell, the temperature of the
simulated model is changed from 300K to 450K. Figure 5
shows the variation of PCE versus temperature for all HTM
layers. All the three HTM layers simulation models show
similar behavior: as the temperature increases the PV
parameters are decreasing not shown in this paper.

As the temperature increases, defect density inside the layers
increases and then reduces the efficiency. It can be explained

by the fact the defect density inside the layers increases with
the temperature. It acts on deformation stress [19]. According
to figure 5 ; the PSC with (Cu,0) as HTM layer shows the
better performance at high temperature (450K). Also the PSC
with (Cu,0) as HTM layer remains the more better than the
two others Spiro-OMeTAD and PEDOT:Pss as HTM layers.
The best operating temperature is 300K. Temperature is an
important parameter; it was found that decrease in diffusion
length increases of series resistance. By this fill factor and
efficiency will be decreased according to papers [26-28].

26-
Y
24 s
ﬁz?_ ‘
‘B

Efficiency (%
e

12 T

=— Spirc-OMeTAD
—a— PEDOT:Pss
—a— CQu20

L] L] L]
280 300 320 340 360

L] T 1 T L]
380 400 420 440 460

Temperature (K)
Figure 5: Effect of temperature on the efficiency

IV.CONCLUSION

In this work CH;NH;Snl; Perovskite solar cell with
different parameters was analyzed using SCAPs-1D software
device simulation. ZnO was suggested as electron transport
layer (ETL). The performance of of PSC was studied with
three different Hole Transport Material (HTM) layers
(PEDOT:Pss/Cu20/spiro-OMeTAD). Thickness, doping and
temperature, were varied to study the optimized performance.
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Numerical Study of Based Perovskite
Solar Cells by SCAPS-1D

Abdelhadi SLAMI, Mama BOUCHAOUR and Laarej MERAD

Abstract—This work deals with the design and analysis of
lead-based Perovskite solar cells. The architecture consists of
Glass/TCO/Buffer layer (TiO,)/CH;NH;Pbly/Spiro-MeTAD/metal
back contact (Aluminium).

To study the efficiency and the performances of this solar cell,
SCAPS-1D software is used in the simulation. The influence of
defect density, absorber layer thickness, and working temperature
on the performance of the device is presented.

The optimized PCS is obtained for the absorber layer thickness of
900 nm, the defect density of 10'* cm™ and the 300K operating
temperature. The efficiency greater than 30% is obtained.

Keywords: SCAPS-1D, Perovskites solar cell, Simulation,
Efficiency.

LINTRODUCTION

In recent years, Perovskite Solar Cells (PSCs) have
shown a great performance because of their low cost
fabrication than traditional solar cells. It officially, entered
the world of photovoltaics with a yield of 12% (2012) [1].
Since then, the yield of PSC has increased very rapidly
reaching the value of 22% (2016) [2-4]. Owing the
multilayer architecture of PSCs, interface not only has a
main role to play in performance but influences long term
stability.

By varying CH;NH;XT;, high efficiency is predicted. Thus,
several simulations are made in order to study the effect of
various parameters on the efficiency of solar on
CH;NH,Pbl; cells.

In this architecture, the effect of absorber layer properties
(thickness, defect densities) and the influence of
temperature on the performance of the device is studied and
analyzed.

II. NUMERICAL MODELLING AND DEVICE
SIMULATION

The adopted planar hetero-junction architecture is a typical
CH; NH; Pbl., based solar cell structure. The cell consists
of an absorber layer and at the top p-type (Spiro-OMeTAD
(HTM) and n-type (TiO,-ETM) arranged at the bottom side
as shown in figure 1.

Layers
left contact (back)
| Spiro OMeTAD
| CH3NH3PbI3
| Tio2 (Buffer)
| TCO

right contact (front) I

i pabE

Fig. 1 Schematic representation device architecture
(Glass/TCO/Ti0,-ETM/ CH;NH;Pbl;/Spiro OMeTAD/ALl)

University of Tlemeen, Faculty of Sciences, Department of Physics
Unité de Recherche « Matdriaux et Energies Renouvelables », URMER
BP: 119, Fg Pasteur, Tlemcen, 13000, Algeria
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Figure 2 explains the simulation process using SCAPS.
SCAPS is a one dimensional solar cell simulation program
developed at the department of Electronics and Information
Systems (ELIS) of the University of Gent, Belgium. It
allows to simulate the behavior of photovoltaic structures.
Since that, there are several modifications in this software
such as the capability to work with crystalline solar cells
(c-Si and GaAs, family) and amorphous cells (a-Si and
micro-morphous Si) [5]. This simulator has the largest
number of AC and DC electrical measurements which can
be calculated in dark and light illumination and also at
different temperatures. It (SCAPS) solves the Basic
semiconductor equations in 1-Dimension under steady state
condition.

‘ Launch SCPAS ‘

Y

| Click Set Problem ‘

Y

Give input parameters

L 4
Set Working Condition

4
Specify the Action to be measured

v
Run the program

Fig. 2. SCAPS working procedure.

All simulation parameters are carefully selected from those
reported in experimental data and other theoretical results
[6-9]. The individual materials parameters for Spiro-
OMeTAD, CH;NH,Pbl;, TiO, and TCO (Sn0O,:F) have to
be entered in terms of bandgap (Eg), electron affinity (y),
dielectric permittivity (g), conduction band density of states
(NC), valence band density of states (NV), electron
mobility (un), hole mobility (pp)., donor density (NA),
acceptor density (ND). Table 1 summarizes all the
parameters used in the simulation.
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TCO TiO, (Buffer) . .
Parameters SnO.:F (ETM) CH;NH;Pbls Spiro-OMeTAD (HTM)
Thickness/nm 500 50 900 350
|  BandgapenereyEglev | 3.5 [ 3.2113] | 1557147 | 3.17[17] |
Electron affinity y/ev - 4 variable 3.90[15] 2.05 vanable
[ Relative permittivity er | 9 [ 9 | 65016] | 3 |
Effective conductionband 5 56, 198 1 995 10" 1.80x 10 10%
density Nc/cm
Effective valence band 19 19 19 20
density Nv/cm™ 1.80x 10 1.00x 10 1.80x 10 10
Electron mobility un/cm~/V.s 20 0.02 0.5 2
[ Hole mobility un/em™/V.s | 10 [ 2 | 0.5 [ 0.01
Donor concentration Np/em™  2.00x 10 1.00x 10" [13]
Acceptor concgntratmn 1.00 x 10" 1.00 x 10"
N,i/em
Defect density N/em™ 1.00x 10" 1.00x 10" 1.00x 10" 1.00x 10"
Table 1. Simulation parameters of CH;NH;Pbl; PSC[10, 11]
60 -
A Current — Voltage Curve o] - =1
The final model contains thickness of absorber layer as %1
0.9pm and the defect density as 10" cm. The doping - 5T
levels of HTM and ETM are set as 10" cm™, Fig 3. § . y
represents the characteristic of Perovskite solar cells of the t
final J-V. The open circuit voltage (Voc) is 0.67V, Short "3 %
circuit current density (Jsc) i1s 59.78mA/cm’, Fill factor is 7 544
74.94%, and PCE is 30.35%. ) [
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Absorber layer thickness plays a major role in determining ;
the efficiency of the device [9]. The simulated parameters = 744 .
such as PCE. FF, Jsc, Voc of the CH;NH;Pbl; solar cells, & —
with varying Perovskite thickness is as shown in Fig 4.
Maximum PCE is obtained for 30.35%. This result is 740+
achieved with J,=59.78mA/cm’, FF=74.94%, V,=0.6774V - '
when the thickness reaches 900 nm. : "
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Fig. 4 Vanation of solar cell parameters with
thickness of absorber layer

To optimize the thickness for a good efficiency, the
thickness of Perovskite layer from 50nm-900nm is varied.
From the above graph (Fig.4: thickness versus efficiency),
the efficiency rapidly increases from 50 nm till to 200nm
up of 200nm, it slowly increases.

The increase of efficiency with increasing thickness
represents the increase in the generation of the electron-
hole pairs in the absorber layer.The efficiency slowly
increases representing the decreases of recombination and a
lot extraction rate of electron and hole pairs. The main
reason for the increase of efficiency with the increase of
thickness is the increase of optical density [3].

C. Influence of defect of the active layer on the I-V
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Fig.5 represents the variation of PV parameters with the
defect densities (cmi”). Generation, recombination,
transportation process occurs inside the absorber layer, so
the absorber layer quality and defect parameters greatly
effect the device performance [I8]. There are several
defects such as vacancies, dislocation and grain boundaries
which are always present in the absorber and HTM layer.
These defects influence carrier recombination, reduction in
lifetime and carrier mobility [11]. In the simulation model,
the defect density is varied from 10" em™ to 107 em =, It
was observed that, if the defect density absorber layer is
increasing from 10" cm™, to 10'7 cm™, the photovoltaic
parameters randomly decreases and at 10"em™ the PCE
reaches to the 26.65 % and fill factor is 73.65 %,
Voc=0.6715 V., Jsc=53.88 mA/cm’. The minimum defect
density of the absorber layer is predicted as 10" cm™ |, at
this condition the maximum attainable PV parameters are
efficiency: 30.35%, Fill factor: 74.94%,
Jsc=59.78 lTl.A!'Cfl'lz, Voc=0.6774V.

D. Influence of temperature on the I-V
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Fig.6 Varniation of solar cell parameters with
the operating temperature.

Temperature also influences the performance of a solar cell
device. Generally, the testing temperature of a solar cell
device is 300°K, but at the installed conditions, the working
temperature is more than 300°K [17]. To understand the
effect of temperature on the electrical performance of a
solar cell, the temperature of the simulated model varied
from 300K to 450K. The changes in the characteristics are
given in Fig6. It is observed that the temperature
decreases; there is a drop to 5.42%. Increasing temperature
may lead to the more stress and deformation resulting in
increased interconnectivity between the layers. Decrease in
diffusion length increases of series resistance, by this fill
factor and efficiency will be decrcased [18]. To achieve
good efficiency the optimum temperature of the simulated
model is set to be 300K. At this temperature the maximum
achievable efficiency of the model is 30.35%, fill factor is
74.94%, Jsc= 59.78 mA/em”® and Voc=0.6774 V.
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HI.CONCLUSION

The lead CHy;NH;Pbl; Perovskite solar cells with different
parameters are analyzed by using one-dimensional device
simulation in this work (SCAPS-1D).TiO, material is
proposed as the Electron Transport Layer (ETL) for lead
CH;NH,Pbly based Perovskite solar cells. The thickness
and doping level of the active layer are varied to study the
optimized performance. Simulated results reveal that the
efficiency of this solar cell is 30.15%. In future, the results
of this proposed structure need to be validated through
physical fabrication and further study.
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Article Info ABSTRACT

Cleaning and disinfection of public spaces is important and it is

Arficle hiylory: necessary to control the transmission of the virus. Disinfection

Received May 27, 2022 prevents a possible other epidemic wave. In this work, we present a

Revised July 15, 2022 sustainable disinfection tunnel (SDT). Its role is to provide maximum

Accepted November 05, 2022 protection to people passing through it in around 10 seconds. The
model structure uses renewable energy panel and it is putted at the
entrance of hotels, schools and administrations,
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I. Introduction

Today, the High Council for Public Health (HCPH) insists on the importance of cleaning of outdoor and indoor
public environments. In fact, it is necessary to control the transmission of the virus and thus prevent a possible
other epidemic wave [1]. Especially the exceptional situation the world is going through with COVID 19
pandemic. The COVID-19 pandemic is devastating. Its spread can be slowed down by following the infection
control practices and by using a sustainable system to disinfect and sterilize outgoing and incoming people in
areas that must work in hygienic conditions such as: hospitals, establishments, laboratories, schools [2, 3-8]. To
prevent against the propagation of this virus, authorities direct their research to prevention program against the
Corona virus. One of these programs is the installation of disinfection tunnels. The first one was installed in
China [9]. This was imitated by other countries [10-11]. In Algeria, the first “disinfection tunnel™ of this kind
was launched in April, 2020, at the entrance of the Association of Renewable Energies and Sustainable
Development of Sidi Bel Abbes. Other new walk tunnels have succeeded that of Sidi Bel Abbes [12].

Nowadays, the current interest of renewable energies is due to government awareness. At the same time to fight
against the CO: emissions and new epidemic of Corona, photovoltaic solar energy [13] is considered as an
essential device in this area.

In this work, we combined the solar photovoltaic energy to the disinfection. The sustainable unit works with the
principle of eliminating harmful bacteria that they transport people. Indeed, Disinfection is done by misting low
pressure of the disinfectant product, flow rate and particle size, nozzle positions, and duration of disinfection.
These parameters are sized to ensure even distribution of the disinfectant.
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I1.Design and work of Disinfection Tunnel

In this work, we combined the solar photovoltaic energy in the disinfection tunnel to use it as a source of energy
for the triggering of the pump of the disinfectant liquid spraying circuit and the detector (photocells) of the
passage of the persons or of equipment. The sustainable unit works with the principle of eliminating harmful
bacteria that they transport people.

The structure of the unit is made of aluminum, stainless steels or other non-corrosive material. These materials
allow a better stability. This unit is mobile, with four wheels equipped with a braking system, to facilitate its
movement and its positioning in complete safety. These tunnels are equipped with infrared sensor which
activates the pump of the disinfectant liquid spraying circuit and the detector when a person accesses [14].
Essentially spray is a mist of sodium hypochlorite solution or Sodium bicarbonate solution (distilled white
vinegar; soften clothes without harsh chemicals. Vinegar is inexpensive, and it is safe. It contains no tannins
“natural plant dyes” that can stain clothes [15] in order to clean, to disinfect and to neutralize odors. A
temperature sensor can also be installed at the entrance to ensure the feverish state of the person passing through
the disinfection unit, as shown in figure 1.

Solar panel

Water reservoir— >,

;._ |
Tunnel

Figure | : Schematic representation Sustainable Disinfection Tunnel (SDT)

1. Solar system model

The aim of the autonomous solar system is to provide electrical power everywhere and at any time to secure
sensitive devices when the network fails. The size of the system varies greatly depending on consumption and
geographic location.

1.1. Contents of the solar Kit

*  Two polycrystalline solar panels [50W - 12V: A 150W solar panel is easily power most of rechargeable
batteries. These draw very little power from the battery and are known to be longer-lasting.

e Specific solar cable between the panel and the regulator: The recommendation is to use standard wire.
Since there are several conductors in a single run, stranded wire offers better conductivity.

e  Solar regulator 30A - 12/24 V.

s Two sealed slow discharge batteries, 12 V - 110 Ah: Sealed lead acid batteries can have a design life of
anywhere from 3 - 5 years.

e Inverter which converts 24 V DC (Direct Current - DC) from the battery to 220 V (Alternating Current
- AC) identical to the network.

#  Protection box that can accommodate up to 4 circuit breakers, 2 circuit breakers at 16A and another one
at 10 A are integrated in the kit to protect the panel, the battery for 24 V,upu. A circuit breaker can be
added for an inverter.
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Protection box

Batteries

Inverter/converter

220V

Tunnel

Figure 2 : Cable Schematics of the solar system

Table 1 presents the consumed energies of some components used in disinfection tunnels. This equipment does
not consume a lot of energy.

Device Energies (Wh)
Water Pump (motor) 370 w x 4 hours
2 Spots ( LED) 12 w x 4 hours

The prototype is equipped with a sensor that detects the person and to launch a disinfection automatic in order to
control the consumption of disinfectant product.

II1. Conclusion

The COVID-19 pandemic is devastating, but by following infection control practices and instructions issued
from authorities, its spread can be slowed down.

This work presents the sustainable disinfection tunnel (SDT) by using renewable energies (solar energy). It was
put at the entrance of the Association of Renewable Energies and Sustainable Development of Sidi Bel Abbes.

It can try and prevent the spread of any possible epidemic crisis. The tunel can disinfect a person fully in a time
span less than 15 seconds and the used solution is completely harmless. This structure will allow a total and
homogeneous disinfection of people in terms of safety from the external environment. This project needs a
moderate budget.
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