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Summary of thesis:

The work preented in this thesis is part of the work of the Laboratory of New Materials for
Photovoltaic Energy in the main target to use new techniques of elaboration with low cost and using
CIGS and Perovskite materials for solar photovoltaic applicafitnis aimsto contribute to the
development of the exploitation of solar energy for electrical energy by many people around the
world. Recently, the enhancement of solar cells efficiency with low cost is a leading to scientific
research challenge. Coppéardium, gdlium, and selenium (CIGS) solar cells seem to be suitable
with low cost and simplified of manufactufeeshly Cu (In,Ga) (Se, SHevice record cell efficiency
of 23.35% for thin films solar cells and the efficiency still be booskedthe hand, Orgaic-
inorganic lead halides perovskites (APbX3) have currently and exceptionally appeared as new
materials for low cost thin film solar cells specially that the efficiency of perovsaged solar cell
have jumped from 3.8% to 22.7% in shomei.

In this present work, we report here the experimental investigation on elaboration and
characterization chalcopyrite Copper, indium, gallium, and selenium (CIGS) While electrochemical
technique and spray pyrolysis as wellnasthylammonium lead iodidgerovskitegMAPDbI3) and
formamidinuim iodide lead iodide perovskites (FAPDI3) thin fimsre deposited using the spin
coating procestor perovskitebased solar cells application and Tandem Cpe®vskites.

The thin films prepared were characterized ¥-Vis spectoscopy, *ray diffraction (XRD),
Raman spectroscopy (RS), scanning electron microscopy (SEM) and energy dispersive spectroscopy
(EDS) analysis, atomic force microscopy (AFM), transmission electron microscopy (TEM),
Photoluminescence analysRL() and U\AVis spectroscopy,

The first part of this investigation was devoted for the effect of different
parameters on the growth of Cu (In, Ga) (Se, S)2 grown by electrodeposition. the CIGS absorber film
is deposited in one step to optimize the depasiparametertike deposition potential, deposition
time and overvoltage of hydrogen on the surface of the deposited cathode also the parameters related
to solution such us the concentrations of the precursors and the temperature of the bath and the pH of
the solutionalso we investigate in details the impact of different back contact was in structural and
optical proprieties CIGS thin films. The back contact has a significant effect for the fabrication of
CIGS thin films for photovoltaic application.

In asecond stagwe report the effect of spray pyrolysis technique to control the growth of CIGS

films for solar cells application. The chapter is containing two part, first we will study the effect of
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experimental parameter like the concentration of precsi@so theannealing process which is the

key factor for Improving the performance of solar cdlsthe second part, we will investigate the
performance of solar cell CIGS, grown by the spray technique, by simulator Scapes to have idea about
the efficiency of solarcell before the realization of CIGS solar cell .in this stageelaborated different

thin films constituted CIG®ased solar cells deposited by different techniques. In the objective to
accomplish higher power conversion efficiency of theiaedZnS/C&/CIGS/Mo, the window

layer (ZnO, CdZnS) and the buffer layer CdS should transmit a large number of photons to reach the
absorber layer and generate electrons holes pairs. The approach is to realize another material to
change the toxic ZnO by sing corredy the CBD technique. Moreover, our device
CdZnS/CdS/CIGS/Mo used a transparent, conductive CdZnS layer with optimizing the amount of
doped materials, which makes it easy to minimize the interface alignment and to illuminate the p

junction.

In other handOrganieinorganic lead halides perovskites MAPbI3 and FAPbI3 was investigated
in order to optimize the chemical composition and to study the crystallization process also to get sight
about the stability of perovskite materials to meet the
requirement oftheir application as an active layer in perovskite solar cell. For this purpose,
Crystallization is accomplished by slowing down the solubility in a saturated solution by Adding
different amount of diethyl ether ArBolvent. the MAPDI3 film sdace was ®ated by adding diethyl
ether antisolvent with different rates that directly influences the level of supersaturation and thermal
annealing. during the treatment complex exchanges are appearing at the same time under the influence
of quite a lobf physicotiemical properties. A whole understanding of this topic is critically important
for improving solar cell performance. The obtained MAPbI3 perovskite thin films were investigated
their optical and electricals properti@$ie main objective to iarease thetability of MAPDbI3 thin
films, the tetrabutylammonium (TBA) can be successively incorporated into MAPDI3 perovskite
films prepared by spin counting technique, boosting the formation of perovskite structure, leading to
a higher orientation alontpe (110) ad the identification phase in 110 ¢iiTBA Doped MAPDI3
film shows better crystallinity, large grain size, pinkike surface morphology and gomadighness
which is suitable for the manufacturing of the optoelectronic devices with higher performance. Also,
we have identified the impact of TBA in the phqtioysical propdies of MAFbI3 perovskite films
using photoluminescence technique and UV visible spectroscopy. We have noticed that the TBA

improve the photoluminescence emission by reducing the density of trap states and the optical
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absorption indicates a significant shift to tbevér wavelength and optical bandgap varied from 1.8

to 1.52 eV. Finally, the stability was explored for 5% TBA, it found that after 15 days the stability
remained excellent in a humid environment (relative humiditip@®%). These results would be
helpfulfor realizing stable and high performance MAPbased devices. Furthermore, we investigate

the Formamidinium lead iodide (FARblike one of the most attractive perovskite materials, herein

we inspect the effect of monovalent cation substitution of @lrdinm (GA) on the structural and

optical properties of Formamidinium lead triiodide (FA&thin films perovskites. The ratio between

the desirabl e amhlasd aacrkd ptelreo visrkdesei rUabl e U yel |
of GAcontent. GAdpingi s shown to be efficient in the <cor
stabilizat i o n -FaPbj ghdse. W& qualitatively evaluate the impact of 10% of guanidinium on

the phase composition and microstructure of films by analyzing perovskitdilths by X-ray

diffraction, atomic force microscopy, transmission electron microsg@mtpluminescence and UV

visible spectroscopy. The results show that an adequate amount of 10% GAs [EaBblto a
homogeneous perovski tlage fraifs,mndvréetpinholest 1% GA: FaBbl p h a s
films demonstrate excellent stability eftaging for 15 days in a humid environment (relative
humidity of D60%).
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Résumé de laheése :

Lestravauxprésentés dans cette thése s'imeat dans le cadre des travaaxLaboratoire des
Nouveaux Matériaux pour I'Energie Photovoltaique daidso b priecipald'utiliser de nouvelles
techniquesl'élaboration daible colt etdesmatériaux @ivre Indium Galium Sélénium (CIGS)et
Pérovskie pour l'applicabn photovoltaiqueCela vise a contribuer au développement de
I'exploitation de I'énergie solaire pour I'énergie électrique par oidreusesravaux de recherchee
travers le mondeRécemment, I'amélioration de l'efficacité des cellglggires a faible colt est un
défi majeur pour la recherche scientifiquescellulessolaires au cuivre, a I'indium, au gallium et au
sélénium (CIGS¥emblent convenir avec un faible codt et une fabrication simpldiémierement,
les cellules solaire€u (In, Ga) (Se, ) enregistrent I'efficacité de 23,35% pdargénératiordes
cellules solaires a couches minces et l'efficacité est toupmranglioration D'autre part, les
pérovskites aux halogénures de plomb organipu@mganiques (APbX) sont atuellement et
exceptionnellement apparus commes deuveaux matériaux pour les cellules solaires a couches
minces a faible colt, d'autant plus I'ediiité desellules solaires a basle pérovskitest passée de

3,8% a 22,7% en peu de temps.

Dans ce prémt travail, nous rapportons ici I'enquéte expérimentale sur I'élaboration et la
caractérisation de la chalcopyrite Cuivre, indium, gallium et séléd@i@S) par la technique
d @ectralépositionet la technique dgulvérisation ainsi quies pérovskites 'hdure de plomb de
methylammonium (MAPBB) et lespérovskites d'iodure de plomb a l'iodurefdienamidinuim( Des
films minces FAPI3) ontété élaborées en utilisant & technique de revétement par
centrifugationpour l'application de cellules solaires asb de pérovskite et tandempérovskites
CIGS.

Les films minces préparés ont été caractérisés par spectroscopies | Hiffractiondes rayons
X (XRD), spectroscopie Raman (RS), microscopie électronique a balayage (SEM) et spectroscopie a
dispersion d'éergie (EDS), microscopie a force atomique (AFM), transmission électronique

microscopie (TEM), analyse de photoluminescence (PL) etrgiseopie UWVisible.

hY

La premiére partie de cettethese a été consacrée a leffet de différents
parametres sur la croissze de couches minceSu, In, Ga(Se,S? élaboréegar la technique de
| éectrodépositionLe film absorbant CIGS est déposé en smle étape pour optimiser les

parametres de dépot comme le potentiel de dépot, le temps de dépbt et la surtensigedégdeo
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surface de la cathode déposée également les parametres liés a la solution tels que les concentrations
des précurseurs et fampérature du bain et le pH de la solution, nous étudions également en détalil
I'impact des différents contacts arriehe cellule solairesurles propriétés structurelles et optiques

des films minces CIG3.e contact arriere a un effet significatif poarfébrication de couches minces

CIGS pour application photovoltaique.

Dans un deuxiéme temps, nous rapportons I'effed technique de pulvérisation pour contrdler
la croissance des films CIGS poestellules solairephotovoltaiqued.e chapitre conteant deux
parties, dabord ,nous allons étudier éffet des parametres expérimentaorime la concentration
des précumsurs également le procédé de recuit qui est le facteur clé pour améliorer les performances
des cellules solairedDans la deuxieme piée, nous allons étudier la performance dmergie solaire
cellule CIGS, cultivée par la technique pulvérisation par le simulateuscapeson a puavoir une
idée sur l'efficacité de la cellule solaaeant la réalisation de la cellwelaire CIGS ensuite nous
avons élaboré différentduchesninces constituss lescellules solaires a base de CIGS déposées par
diff érentes techniqueBans I'objectif d'obtenir une plus grande efficacité de conversion de puissance
de la cellule solair€dznS/ CdS/CIGS/Mo, la couche fenétrezhO, CdZnS) et la couche
tamponCdSdoivent transmettre un grand nombre de photons ptaindte la couche absorbante et
générer des paires de trous d'électrdrdapproche consiste élaborerun nouveaumatérel CdzZnS
pour remplaer leZnOtoxiqueen utilisant la technique CBe plus, notre cellule
solaireCdznS/ CdS/ CIGS / Mo a utiliséunecouchetransparente et conductrice @dZnSen
optimisant la quantité de matériaux dopés, ce qui permet de minifasgement l'alignement de

l'interface et d'illuminer la jonction .

D'autre part, les halogénures de plomb organiipmganiquepérovskites MAPIB et FAPbB
ont été étudiés afin d'optimiser la composition chimique et d'étudier le processus tisatimta
€galement pour avoir undsion sur la stabilité des matériaux de pérovskite pour répondre a I'
exigence de leur applicatiwomme couche active dans cellule solaire pérovskite. A cet effet, la
cristallisation est réalisée en ralentissant la lgtlé dans une solution saturée en ajoutant une
guantité différente d'antiolvantdiméthyleéther.La surface du film MAPIB a été taitée en ajoutant
un antisolvantlel'éther diéthylique avec deslumesdifférents qui influencent directement le niveau
de sursaturation et de recuit thermigide.cours du traitement, des échanges complexes apparaissent
en méme temps sous l'influencerdembreuses propriétés physicloimiques. Une compréhension

globale de ce sujet est d'une importance cruciale pour améliorer les performances des cellules solaires.

26



Les films minces de pérovskite MARbbbtenus ont été étudiés leurs propriétés optiques et
électriques dans 'lobjectif principal d'augmenter la stabilité des films minces MAPBI
tétrabutylammonium (TBAR étésuccessivement incorporé dans les filnespérovskite MAPbI3
préparés par la technique spin,approuvanta formation de la struate de pérovskite, conduisant a

une orientation plus élevée le long du (110) et du phase d'identifichidi0 crit dans un film
MAPDbI3z dopé TBA, aussi MaPhl dopé TBA montre une meilleure cristallinité, une grande
granulométrie, une morphologie de suogaans piglre et une bormugosité, ce qui convient a la
fabrication des dispositifs optoélectignes avec des performances plus élevées. En outre, nous
avons identifié I'impact du TBA dans les propriétés pipdtgsiques deBims de pérovskitdAPbI3

en uilisant la technique dearactérisatiophotoluminescencet la spectroscopie UV visible. Nous
avons remarque que tlmpage ave@BA améliorel 6 ® midephototuminescencen réduisant la
densité des états de piégd eb a b s @ptique indigne uwlécalagesignificatif vers la longueur
d'onde inférieure et laande interdit@ptiquevarie de 1,8 1,52 eV. Finalement, la stabilité a été
explorée pour 5% TBA, il a constaté qu'aprés 15 jours la stabilité restait excellente dans un
environnement humide (humtdi relative de-60%). Ces résultats seraient utiles pour réaliser
desdispositifs basés sWAPDIs stables et a hautgerformancesEn outre, nous étudionsé i odur e
de plomb ddormamidinium(FAPbk) comme I'un des matériaux de pérovskite les pttrayants,

ici nous inspectons l'effet de la substitution de cations monovalentes du guani@dAyrsur les
propriétés structurelles et optiquestdiodure de plomhleformamidinium(FAPbk) mince films
pérovskites. Le rapport entre la phakie péreskitesouhaitablaoireet la phasé indésirablgaune

est étudié en fonction de teneur erGA. Le dopage GAs'avere efficace dans le contrdle du rapport
des phase$) / U puis dans la stabilisation de phasdJ}FaPbs. Nous évaluons qualitatment
l'impact de 10% de guanidinium sur la composition de phase et la microstructure des films en
analysant des couches minces de pérovskite par diffraction des rayons X, microscopie a force
atomique, microscopie électronique a transmission, photolucgnes espectroscopie UWisible.

Les résultats montrent qu'une quantité adéquate de 10% GA:zEaRbulit a un film de pérovskite
homogéne avec une phadé stable, de gros grains et des piqlres libres. 10% GA:
Lesfilms FaPbg démontrent une excellente stabibgres vieillissement pendant 15 jours en milieu
humide (humidité relativ® 60%).
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Resumen en castellano

El objetivo principal de esta tesis esntribuir al avance deuevas técnicas de elaboracion
con bajo costeutilizando materialesgipo CIGS y Perovskita para aplicaces en energisolar
fotovoltaica. Recientementkgs células solares de cobre, indio, galio y selenio (CIGS) parecen ser
adewmiadasya que son déajo costode producciony de fabricacion simp y se han reportado
eficiencia de conversiondel 23,35%. Por otro ladogd perovskitasibridasde haluros de plomo
organicosinorganicos (APbX3) han aparecido como nuevos matergiepcionags para celdas
solares de pelicula delgada de bajo costo, edpemnte porque la eficiencia de las celdas solares
basadas en perovskita ha aumentado del 3.8% al Zh##&nos de un lustro.

Estetrabajose ha dedicado experimentasobrela elabaacion y caracterizacion dmpas
finas de lacalcopiritade CIGS por la técnica electroquimica y e espraypirélisis y sobrelas
perovskitas de metilamonite yoduro de plomo de (MAPPIy formamidino de yoduro de plomo
(FAPDbI3) producidas poanproeesoded s pi n coati ngo, aplicaciomlascélulas | i z o
solaregdeperovskita y en las célulagandem CIGSperovskita.

Las peliculasde CIGS secaracterizeon por difraccion de rayos X (XRD), espectroscopia
Raman (RS), microscopia elegimica de barrido (SEM)andlisis de espectrogmi@a de energia
dispersiva (EDS), microscopia de fuerza atdbmica (AFM), transmision electrénica microscopia

(TEM), fotoluminiscencia (PL) y espectroscopia WAs.

En las capas de CIG&positadas por electregosicion sénvestigh el efecto de diferentes
padmetrogjue controlan el proceste electraleposicidén como el potencial, el tiempo de deposicién
y la sobretension del hidrogeno en la superficie del catodo, asi asmwaracteristicas del electrolito,
concentraciones de los precursoriss temperaturadel bafio y el pH de la solucibnTambién
investigamos en detalle efectodel contacto posterior en las propiedades estructurales y Opticas de
las peliculas delgadas ClG&onstatamos quel dipo de contato posterior tiene un efecto
significativo en el rendimiento posteriode las peliculas delgadas CIG8n los dispositivos

fotovoltaioos.

Ademasgestudiamoda técnica despraypirolisis pargproducirpeliculas CIGSSe estudicl
efecto de pardmetros cor@oconcentracién de precursores y el proceso de recocido, que es el factor
clave para mejorar el rendimiento de las células soldtézando el simuladomumeéricoSCAPS,

se estimda eficiencia de la célula solde capas@CIGS aecidas poespray piolisis.
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Seelaboraron diferentes peliculas delgadas constituidas por células solares basadas en CIGS
depositadas por diferentes técnidadaralograr una mayor eficiencia de conversigi dispositivo
CdzZnS/CdS/CIGS/Motanto la capa ventana (ZnGCdZnS)como la capabuffer deCdS deben
transmitir una gran cantidad de fotones pgua alcarcenla capa absorbente se geneen pares
electrornhueco Nuestro dispositivo CdZnS/CdS/CIGS/Mo utilizé una capa conductora transparente
deCdznScon el espesarptimo paraminimizar la alineacion de la interfan launién pn.

Por otro lado, se investigaron perovskidas/odurale plomocon dos componentes organicos
diferentes, metilamonio y formamidiniMAPbls y FAPbk. Seanalizéla commsicion quimicael
proceso d cristalizaciony la estabilidad ddas capas.La mejora de lacristalizacion se logra
ralentizandcel procesanediante la adicion de antisolvente de éter dietilice.dagpas dMAPDIsz se
trataron afiadiendo antisolvenidiferentes velocidades que inflen directamente en el nivel de
sobresaturacién gonrecocido térmico. Durante el tratamies®s produceimtercambios complejos
gueinfluencian muchas propiedades fisicoquimicas. Una comprensigipleta de este tema es de
vital importancia para mejorat rendimiento de las células solares. Se investigaron las propiedades

Opticas y eléctricas de las peliculas delgadas de percvdef8APDI3 obtenidas.

Paramejorara estabilidad de las pelicsldelgadas de MAPDI3 gecorporétetrabutilamonio
(TBA), observando una mejora Enformacion de la estructura perovskgize crece en la direccion
preferente(110) La fase cristalina de lapeliculade MAPbIz dopadacon TBA presenta mejor
cristalinidad,gran tamafio de grano, morfologia superficial sin porbajg rugosidad, lo que es
adecuado para la fabricacién de dispositivos optoelectroomasnayor rendimiento. Ademas,
hemos identificado el impacto de TBA en las propiedades foto fisicas deitasdgsetie perovskita
MAPDIz utilizando las técnicas déotoluminiscencia y espectroscopigtica UV-visible. En las
muestras d&@BA:MAPbIz aumentda intensidad de IBtoluminiscencia al reducir la densidad de los
estados de trampa y #&#bsorcion dpticanuestraun cambio significativo hacia longitadde onda
més largas y la banda prohibida 6pticarié de 1.8 a 1.52 eV. Finalmenk&s muestras dopadas con
TBA al 5% mejoraron swestabilidady se encontré que después de 15 dias la estabilidad permanecia
excelente en un ambiente humedo (humedad relativa de ~ &8%% resultados serian Utiles para

realizar dispositivos basades MAPbE estables y de alto rendimiento.

Por otra parteinvestigamos el efecto de la sustitucion cationica monovalente dedgu@an
(GA) sobre las propiedades estructurales y optiedas perovskitas de peliculas delgadas de BAPDI

La relacion entre la fase de perovskita negra y deseable y la fase aladritleseabldi se ha
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estudiaoen funcion del contenido de G8e comprob@ue el dopaje con GA es eficaz en el control
de la réacion de fase&/liy luego en la estabilizacion de la fddeEvaluamos cualitativamente el
impacto del 10% de guanidinio emdomposicion de fases y microestructura de peliculas analizando
las capagor difraccion de rayos X, microscopia de fuerza at@mmicroscopia electronica de
transmision, fotoluminiscencia y espectroscopiaViBible. Los resultados muestran qieadiend
unacantidad adecuadaldE0%de GA en las capas de GPaPbt conduce a unmejora depelicula

de perovskitajue se evidencianda homogeneidad de faseU estable, granode mayor tamariy
capaslibres de poros Ademas, &s peliculas de 10% GA:FaRbdenostraon una excelente

estabilidad despuéke seienvejecilasdurante 15 dias en un ambiectehumedad relativa d€0%.
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Resum en valenia

El treball presentat en aguesta tesi forma part del treball del Laboratori d&hleusls per
a Energia Fotovoltaica amb l'objectiu principal d'utilitzar noves tecniques d'elaboracié de materials
de baix cost i utilitzant capes fines de CIGS i deotPskites per a aplicacions en energia solar
fotovoltaica. A q uaglrech a aohtrjb@ralt desenvoupament de peaplotacsd @e
| " energia solar com a font neta i i nesgotabl e
mon. En ste sentit, la millora de I'eficiencia de les cél-lules solars a baix cost és uardesaper
a la investigacio cientifica. Les cél-lules solars de coure, indi, gal-li i seleni (CIGS) semblen ser
adequades amb un baix cost i una fabricacio simplifid@daentment, dispositius basats en capes
fines de Cu (In, Ga) (Se, )an registratina eficiencia de conversié del 23,35% i esta eficiencia
encara continua incrementeagd. D'altra banda, les perovskitas d'halurs de plom org@icgnics
(APbX3) hanaparegut com a nous materials excepcionals per a cel-les solars de pel-liculeeprima d
baix cost, especialment perque l'eficiéncia de les cel-les solars basades en perovskita ha augmentat
del 3.8% al 22. 7% en menys doébun |l ustre.

En el present treball, regem la investigacié experimental sobre elaboracio i caracteritzacio
de calcopirita Core, indi, gal-li i seleni (CIGS) per mitja de la técnica electroquimica i per esprai
pirolisi. Quant a les perovskitas de iodur de plom de metilamonio (MAHbBS peovskitas de iodur
de plom i iodur de formamidinuim es van depositar pel-licules prif@et servir un procés de
recobri ment per rotaci - . Les ¢ I Llules solar

construit utilitzant les dues técnics menciemdbans.

Les pel-licules primes preparades es van caracteritzar per espectrosdiapidJdpVis,
difraccio de raigs X (XRD), espectroscopia Raman (RS), microscopia electronica d'escombratge
(SEM) i analisi de espectroscopia d'energia dispersiva (ED&)psobdpia de forca atomica (AFM),

transmissié electronica microscopia (TEM) i fotolamcencia (PL).

La primera part d'aquesta investigacio es va dedicar a aquest efecte de diferents parametres
sobre el creixement de Cu (In, Ga) (Se,@@scut per elémdeposicid. La pel-licula absorbent de
CIGS es va depositar en un sol pas i es yaimitzar els parametres de deposicié com ara, el
potencial de deposici-, el temps de deposi ci
lesconcentracin del s precursors, | a temperaturatdel b

detalladament aixi com l'impacte dels diferents substrats (0 contactes posteriors) en les propietats
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estructurals i optiques de les pel-licules primes CIGS. Hem dexhqse el contacte posterior té un

efecte significatiu per a la fabricacié de pellés primes CIGS per a aplicacions fotovoltaiques.

En una segona etapa hem investigat |l " efecte
creixement de peldules CIGS i la seua aplicaci6 a les cél-lules solars. Este capitol conté dues parts,
en el primer es va estudiar I'efecte de parametres experimentals com la concentracié de precursors i
també el procés de recuita, que és el factor clau per a millogardénent de les cél-lules solars. En
la segona part, investigarem el rendiment decéddules solars de CIGS crescudes mitjancant la
tecnica d'esprai i es va fer servir el simulador numéric SCAPS per a tindre idea de l'eficiencia de la
cel-lula solar abns de la realitzacié de la propia cel-lula solar de CIGS. En aquesta etapa es van
elaborar diferents pel-licules primes constituides per cél-lules solars basades en CIGS depositades
per diferents técniques. En l'objectiu d'aconseguir una major eficiéaaanversio d'energia del
dispositiu CdZnS / CdS / CIGS / Mo. La capa de la finedtteca (ZnO, CdZnS) i la capa buffer
(CdS) han de transmetre una gran quantitat de fotons per a aconseguir la capa absorbent i generar
parells de buits d'electrons. Lfenament és realitzar un altre material per a canviar el ZnO toxic
utilitzant correctenent la tecnica de CBD. A més, el nostre dispositiu CdZnS / CdS / CIGS / Mo va
utilitzar una capa de CdZnS conductora transparent que optimitza la quantitat de nolaiesizlsla
qual cosa facilita minimitzar I'alineaci6 de la interficie i il-luminantéd p-n.

D'"altra banda, es van i nvestigar perovsKki
inorganics MAPDI3 i FAPDbI3 amb la finalitat d'optimitzar la composicié geémestudiar el procés
de cristal-litzacié també per a conéixer I'estabilitat deken@ds de perovskita per a complir amb els
requisits de la seua aplicacié com a capa activa en cel-lules solars de perovskita. Per a aquest proposit,
la cristal-litzaci6s'aconsegueix alentint la solubilitat en una solucié saturada mitjancant I'addicio
duna quantitat diferent de | 6antisolvent d' t
tractar afegint | 6anti sol vtsque inflléixen deectantnt entet | i c
nivell de sobresaturacié i recuit téermic. Durahtractament apareixen al mateix temps intercanvis
complexos sota la influencia de moltes propietats fisicoquimiques. Una comprensié completa d'aquest
tema és de vital iportancia per a millorar el rendiment de les cél-lules solars. Es van investigar les

propietats optiques i electriques de les pel-licules primes de les perovskites de; bi#tiplgudes.

Amb l'objectiu principal d'augmentar I'estabilitat de les pel-licpiénes de MAPL], el
tetrabutilamoni (TBA) es pot incorporar successivament a leBcpéds de perovskita de MAPDI

preparades mitjan-ant l a t cnica de ol esp?zn
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perovskita, la qual cosa porta a una majoentacio al llarg de (110). Les pel-licules de MAPDI
dopades amb TBA presentenaumillora de la cristalinitat, major grandaria de gra, una morfologia
superficial sense porus i bona rugositat, la qual cosa és adequada per a la fabricacié desdispositiu
optoelectroniques de major rendiment. A més, hem identificat I'impacte de TBApeogedats foto
fisiques de les pel-licules de perovskita MAPDI3 utilitzant les tecniques de fotoluminiscencia i
espectroscopia UV visible. Hem notat que el dopatge @aBA millora tant I'emissié de la
fotoluminiscencia en reduir la densitat dels estatsrampes com I'absorcié Optica on apareix un
canvi significatiu de la banda optica prohibida (gap) cap a longituds d'ona més llargues que significa

di smi nui del gap)queve vagar de 1.8 a 1.52 eV.

Finalment, es va explorar |'estabilitat pes perovsquites dopades amb TBA al 5%. Es va trobar
gue després de 15 dies I'estabilitat romania excel-lent en un ambient humit (humitat relativa de 60%).
Aquests resulta han resultats molt Gtils per a realitzar dispositius basak8APbk estables d'alt

rendiment.

A més, hem estudiat el iodur de plom de formamidinio (FARtM un dels materials de
perovskita més atractius. Hem investiguat I'efecte de la sudidtationica monovalent de guanidini

(GA) sobre les propietats estructurals i Opéig de les perovskitas de pel-licules primes de triyodur

de plom de formamidini (FAPYI . La rel aci- entre | a fase U de
grogainé si tjable U es va estudiar en funci GAdel ¢
®s efica- en el control de Il a relaci -FaRbe f ase

Avaluem qualitativament I'impacte del 10% de guanidini eotaposicio de fases i microestructura

de pel-licules analitzant pel-licules primespovskita per difraccid de raigs X, microscopia de

forca atomica, microscopia electronica de transmissio, fotoluminiscencia i espectroscepia UV
visible. Els resultats natren que una quantitat adequada de 10% GA: Eafoidueix a una
pel-licula de perodsi t a homog nia amb fase U establ e, gr
pel-licules de 10% GA: FaPfdemostraren una excel-lent estabilitat després de I'envelliment durant

15 dies en un ambient humit (humitat relativa de 60%).
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Chaptell:

Overviewof Solar Cells Applications
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1. Photovoltaics:
1.1. Global energy challenge

The energy has become a permanent concern due to rapid growth in industrialization in recent
years especially with high ergy consumption J]. in recent years, the large percentage of world
energy demand is produced from the combustion of fossil fuels which run out dramatically in nature
in the absence of an oil or coal reser®je [

These fossil fuels which produce dangergreenhouse gases during combustion, which results
in tragic environmental pollution and is causing global warming and climate change which threatens
life on earth. in the sense of reducing the consumption of fossil fuels, renewable energies can be an
altemative source and a good solution to reduce (d@he atmosphere especially that global warming
caused by the releases of industries has a harmful effect on the layer of the ozone. As we know that
the ozone layer stops the UV radiation, despite the li@acatiation gone from the Sun to the Earth.
Then, the solar energy is an alternative and inexhaustible source without pgHigiomre 1.1)

the annual energy is approximately 1018 kWh comes from the Sun and received by the Earth, it
is approximately 2@00 times more than the annual energy consumption of the world, Solar energy
is an unlimited, notpolluting source and may well provide the energy demanded by the worldwide

in the near futured).
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Temperature Change in the Last 50 Years
(2014-2018 Average vs 1951-1980 Baseline)
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Figure 1.1Global warming and climate change

1.2.Solar energy:
Solar energy is an available source of energy that can be used as solar radiation or as wind,

biomass, etc. the surface of the earth receives approximately 60% of solar energy although only 0.1%
of this emitted energganbe convertedo a yield of 10%but it remains four times much more than
the world production capacity of electricifigure 1.2 Researcheraround the world have put a lot
of effort into finding good sources of energy without affecting future environmental sustainability
and life on arr planet.Renewablesnergies are a relevant solution for the futoeepmonlyclassified
into wave, hydraulic, tidal, wind and solar energy especially that the sun generates enormous amounts
of energy about 1026 W]

In the last years solar energy haperienced a high use due to the lower costs of solar panel
technology. Focase between 2002019 PV capacity has amplified in the USA from 117.3 MWP
to 75,999 MWP, between 208017 in Germany from 11¥IW to 42339 MW, in Morocco from 20
MW to 6000MW between 2010 and 2020, and in Spain 3,840V and11,015MW between 2010
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and 2016, this progress has encouraged ntaoytriesto make more investment in renewable

energiedield by developing photovoltaic devices with differanaterialg5][6].

SOLAR RESOURCE MAP WORLD BANKGROUP
PHOTOVOLTAIC POWER POTENTIAL ) mewonsvon. G ESMAP  (IIEED

oy 5 J—:gd‘;

Long-term average of daily/yearly sum
Daily sum: < 2.0 2.4 28 32 36 4.0 44 4.8 5.2 56 6.0 64 >
S "/
Yearlysum: < 730 876 1022 1168 1314 1461 1607 1753 1899 2045 2191 2337 >

Figure 1.2phobvoltaic energy power

1.3. Photovoltaics energy:

Photovoltaic energy that it is coming from the conversion of the solar radiations into electrical
energy with a suitable efficiency. Sun rays ¢coO
or refleded.

Photovoltaic device converts the sun ligtio electricity by semiconductors materials. There are
quite a lot of different solar cells technologies balid-statesemiconductor solar cell is used a lot,
in this case the absorber film may be an ghous, crystalline, goolycrystalline semiconduor. In
particular Silicon and GaAs sl cells are the mosfficient.

In recent years perovskite A8 andCu (In, Ga) Se (CIGS) materials take much intention from
the researchis due the absorption proprieties and redudmgkhess layer from 10m to fewem
properties. This make them to fabricate solar panels with low cost by using simple technigques.
Semiconductors materials constitute by valence band (Bv) and conductio(Boamdhere they are
disconnected by a forbiddegyap of energies, named by the band gap Bg. atériperature the Bv

has &ull of electrons besides Bc is anfilled [7].
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1.4. Solar Cell Technology
The investigation on photovoltaic solar cells was motivatethe main objective of efficiency
improvementfor autonomous applicatiors Shown in figure 1.3olar cells are classified into three
generations with very intense research for each one to develop the three generations on three levels:
increase the wid, low cost fabrication and respect the envwinent by reducing the use of toxic
materialg8][9].

Best Research-Cell Efficiencies ENREL
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Figure 1.3shows the progress of the best reseaaihr cell efficiencies since beginning of
photovoltaic energy to nowadays for the different gatens.

1.4.1.First generation: crystalline Si solar cells

The firstgeneration crystalline Si{8i) solar cellsfficiencies varied from 6% for amorphous
silicon-based solar cells to 44.0% with multiglenction production cells. Extraction and growth of
pure silicon crystals is an expensive process and one the high cost is major challenge also the
efficiency increae with the higher temperature for the monocrystalline silcon solar cell: Poly
crystalline silicon solar cells are elaborated from multiple siliciystals in mold with the cost low
but with a decrease in efficiency compare to mongstallin. But Even ta efficiency of crystalline
Si (¢Si) solar cells up of 44 % however the cost of fyeheration technology is still high@O][11].

1.4.2.Second PV &neration: thin film solar cells
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The Second generation solar cells based in thin film technologies whichtreusr§i (aSi),
polycrystalline CdTe, and polycrystalline Cu(In,Ga)@&GS) lead the second generation as the best
generation intel now by fittig the requirement of low cost manufacture and one advantage of thin
film technology that solar cell can berieed by simple and advance techniques like electrochemical
deposition, chemical bath depositi@pray pyrolysis, spin countinghe secondjeneréion solar
cells are integrated the industrial sector due to the rapidity and the large area of productiow wit
cost specially that the layers are quite thin leadingetiuce the manufacture dagy.

There are three divisions of thin film solar cefismorphous silicon-&i, cadmium telluride CdTe
and the chalcopyrite compounds like copperundgallium (d) selenide (CIGS&Si is the firstborn
thin-film solar cell. It is no toxic and absorbs well but their highest efficiency is around 13.6%decaus
of quick the efficiency lost. CdTe is the most common-thim solar cell, CdTe cell efficiency is
about 221%, and howevercadmium andellurium are the rare metalSIGS solar cells are formed
via co-evaporation or caleposition. CIGS Solar cell hgstten the record of 22.9% efficien3]

1.4.3.3rd Generation PV: perovskite solar cells

Solar cells looking to denore than the ShockleQueisser limit of 3141% efficiency known as
the third generation of solar cell$4]. This challenge is created due teetefficiency limitation of
first-generation technology and second generation based in lsipgte Thirdgereration technology
is generally included muHayer (tandem) cells that common made of silicon/thin film hierarchy of
a solar cell which the thifilm could be CIGS Copper zinc tin sulfide solar cell (CZTS), Perovskite
solar cell, especially this last ohasreceived large attention as their research efficiencies recently is
above 20 percerjL5]

2. CIGS Solar cells

In 1970 for the first of time grquof researchers at the University of Delaware in the United
States was introduced the technology of {iim solar cells. In recent years thin film solar cells
incessantly enhanced efficient, subsequently in the early 21st century tHgnthghotovoliaic
maiket was growing significantlyNowadays, amorphous silicon, polycrystalline copper indium
gallium diseénide (CIGS) and cadmium telluride (CdTe) are the most used to made commercial thin
film cells. These materials show good potential for low castufacture solar cells, Thiiim solar
cell formed by little material with the main advantage of being sirapteeasy production. For any
technology qualification in point of the view of cgstrwatt, the ease of production, the highest

efficacity, accasibility of materials, and environmental sensitivity are Important points to evaluate.in
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this case the thifilm technology has possibility to turn out to be economically useful and helpful
technology for the solar energy futyfes][17].

Quite a lot of @position procedures are applicable and available, they are actually inexpensive
compare to the growth techmigs obligatory used for crystalline silicon. These deposition methods
can simply be scaled up from laboratory scale to industrial scale. ThecBimbe elaborated on
numerous cheaper substrates. These can be conductor or normal glass or flexibIEgiéséichin
film solar cell elaboration is made as single a unit. Film upon film is placed sequentially on a glass
substrate as back contact oéll, from the antireflection coating and conducting oxide, to the
semiconductor material, the back electdal contacts. fie electrical contact for the thin film solar
cell usually is a thin film of a conducting oxide, such as tin oxide FTO, indiuoxide ITO, and
zinc oxide ZnO, are transparent and conduct electricity. They assemble the current fromothe top
the cell and losses when the resistance is minimal. An antireflection coating can be used to top off
the solar cel[18][19].

2.1.CIGS materials:
Copper indium gallium diselenide Cu (In, Ga) 8asvery high absorptivity (10cm?) Many

efforts was made to push of CIGS tilms for manufacturing and commercialization of the CIGS
solar cells. Electrodeposition is one of technique that has stowroduce CIGS solar cells with
good efficiency and high performan@g[ that absorbs in #tnone micron of the area of the thin film
around 99% of the incident light. Furthermore Cu (In, Ga)h&se revealed good stability and no
degradation of the mateis as one of theonditionsfor the commercialization in photovoltaic market
[21]. CdS mataals is usually used like window layer for CIGS solar cell and in somesraa#
amount of Zn is doped Cdf® enhance the transparen@2] The CIGS thin film ceprises
guaternary materials copper, indium, gallium and selenium or sulfur. several texhwigre used to
elaborate CIGS thin films such as ablation 128 singlesource evaporatioff4], spincoating

[25], co-evaporatio [26,27, flash evaporatiof28], RF sputteringg9), electrodepositiofi30], spray
pyrolysis[31,33. Taking in consideation the other techniques, chemical electrodeposition method
showed several advantages and strengths to be noticed, such-gaaiighdeposition and speed,
large-area films and low cost, several investigation in solar cells focus to develop thinbfilms
electrodeposition technique and to produce solar cell panels and modules at low cost to cut down the

expense cost of others techniq{&3.

2.2.Cu(In,Ga)Se> sola cells

40



Gallium Selenide
(CIGS)

Copper Indium OO

2 200, IT0 - 2500A

2 045 - 700A

\ CIGS - 1-2.5ym
Mo~-05-1ym

Glass, Metal F
Plastics

\

Figure 1.4 Typical CIGS solar cell DeviceendBand Diagram of CuiGaS / CdSZnO

Figure 1.4 show3ypical CIGS device uses as front contact, the transparent conductive oxides
like ZnO and as back contact the Molybdenum on a gifiaas subséaite, front and back contacts
formed by sputtering or chemical vapor deposition techisiqliee heterojunction created by the p
type CIGSthin film absorber and the-type window layebutin this case CIGS device shows very
poor performance. Then, A lay€dS turns as a buffer layer and acts important role to maintain the
heterojunction in GBS devices and show high efficiency, the CdS layer plays key role to keep the
absorber layer safe from degradation and the chemical reactions and to improve the citakili
The CdS buffer layer helps in widening the depletion layers at the intaffaeeng a higher open
circuit voltage (Voc). It also helps in optimizing the band alignment of the de4teThe CdS films
deposited by Chemical bath depositiochteique exhibit highly efficient CIGS devicg4].

The bandgap is increased by dopinghwsmall amount of Guanidinium also the increased
bandgap of CdS can decrease the energy loss in CdS/CIGS interface in recombd®a8n [

therefore increase the splzll performance.

3. perovskites solar cells:

3.1. perovskite materials
A perovskite is mierial with crystal structure like calcium titanium oxide (CaTiO3) which was

exposed in 1839 by Gustav Rose and named after the Russian mineralogist L. A. Perneslgki p
name was given to the most important family of orgamacganic hybrid material with the formula

compounds ABX3, where 'A" and 'B' are two cations with different sizes where A is normally large
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cation compare to B cation, and X is an anione ideal cubic structure has the B cation {fol@l
coordination, surrounded by an octdten of anions, and the A cation in-idld cub octahedral
coordination(figure 1.6)[37].

R
1

22

Figure 1.6 Crystal structure of an orgailioorganic metal halide perovsgit

The importance of perovskites has been increasing. Currently, several materidésaiied
adopting the perovskite crystal structure. Successive efforts to advance the material properties have
engaged with the result of new structures showing ldeitphysiechemical properties. These
compounds are the typical systems for phasesiti@rs with cubic, tetragonal, orthorhombic,
trigonal relating on the tilting and rotation of the BX3 polyhedra in the lattice.

The hybrid halide perovskites represmhtn original kind of perovskite compounds where the
structure comprises an organic and metal part, that they have suitable properties of organic
semiconductors. Figurd.7 shows the crystal structure of an orgé&morganic metal halide
perovskite ABX3where A represents the organic cation, B denotes lead (Pb), tin (Sn) or germanium
(Ge), and X is halide (X =1, Br, Cl)The hybrid halide perovskites like MAPbI3 is suitable
compounds with good properties without ggation and good stability, the montera metal A is
changed by an organic cation MAequal chargewith the advantage that any organic catian be
usedwi t h t he only condition that t haeaimensional(3® pace
networkperovskite At present, theation that researched the best efficiency for perovskite solar cells
are methylammonium (MA), rubidium Rb, Cesium Cs and formamidinium (FA) and others like
tetrabutylammonium (TBA), ethylammonium (EA) and guanidini(@A) have been explored,
representing @propriate materials for 3D perovskites with good properties.

The crystal properties for the layered structures turn out to be anisotropic with larger carrier
masses and stronger exciton binding energies. for ABX&litmal cubic structure is taking plamece

theBX-B angle is 180U, although quite a | ot of ¢
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that the connectivity can be influenced by the functionality between the cation and the metal and
depends thsize of the cation, leading to form perovskite network three different connectivity :
cornersharing, facesharing, or edgsharing structure . Edeggharing and Faegharing structures
leaded to nomperovskite lattices. However, the connectivity of streictural octahedral units can be
formed various lattices:a threedimensional (3D) perovskite lattice is found once the connectivity

is existing along all three axesa twodimensional (2D) perovskite network is obtained once the
connectivity is mis§ig in one axis. The general formular fBD constituents can be A2MX4 or
A+MX4. - a onedimensional (1D) perovskite lattice is attained once the connectivity is missing in
two axis. The general formula for madulsstitutaml s c a
in perovskite frameworkgrmits to contain cations such as NH+, which can be considered spherical
at normal temperatures. More complex phases, such as the inbaygaiac hybrid compounds
MAPDbX3. [38]
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Figure 1.7. shows different perovskitgetworks structurea threedimension&(3D) perovskite a
two-dimensional (2D) perovskitea onedimensional (1D) perovskite lattice

3.2. Typical perovskite solar cells
Photovoltaic cells named conventional, contain of the association of two semicosductor

characterize by difference in electl conductivity: A semiconductor-type, the common charge
carriers are electrons, and a semiconducttypp deficient in electrons. The type of solar cells is
classified on the photovoltaic over different methdae type of generation, trapping, charge
recombination, and transport of electirbole pairs during the semiconductor material and inside the

contact electrodeshe light converts into electricity inside arprjunction related directly to the
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electrical ad optical properties of the two semictuctors materials of themjunction. Separately
the semiconductor absorbs according to its energy gap, the adequate range of solar radiation.

In case of a solar cell based on perovskite materials, the peroiskiees used like an absorber
in solarcells, and for the carrier transport material is likely to have a high conductivity with low
surface recombination rate at the interface. Several materials have been used as carrier transport layers
like: the zinc oxdle ZnO, titan dioxide TiO2 and PCBM te electron transport layer (ETL) and as
the hole transport layer (HTL) spp@MeTAD, nickel oxide NiO, copper dioxide CuO2 or PEDOT:
PSS(example figure B) [39)].
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Figure 1.8shows typical perovskite device been used as carrier transport layers like: the zinc
oxide ZnO,SAM as the electron transport layer (ETL) and as thle transport layer (HTL) spiro
OMeTAD.
Upon excitation by visible light, the charge carriers generated in perovskite material can be
extracted by either transferring an electron to the ZnO layer or through hole transfer to the spiro

OMeTAD hole transporfayer [28]. Upon excitation by an in@dt photon (Figure 1.8) with energy
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equal to or greater than the band gap of the material, the photon is absorbed and excites an electron
from the valence band into the conduction band of the material. Consequeaithgraelectron from

the valence band oves to the hole left by the first electron, this lead to a movement of the holes and
the electrons. In case of gorjunction, the carriers are separated by the internal electric field created

by n-p junction. The clection of carriers at the electrodgsnerates a potential difference and current

in the external circuit, In this work, we will focus on the synthesis and the characterization of the
APbX3 with (A= CH3NH3, HC(NH2)2, Cs and X=I, B¥). In particular, wewill study the cubic

and the tetragomatructure as shown in Figure9l.

b 4

Cubic Tetragonal Orthorhombic

O Asite ) Bsite ® Xsite
Figure 1.9Cubic (a) and tetragonal (b) structure of the CH3NH2PbX3 perovskite [29]

3.3. Stability challenge
Low stability is one of the worst inconvenient of thalization of perovskite solar cells.

Generally, the jh per f or mance of perovskite sol ar cel
signiycantly degradation in short time from q
fully scalable, PSCsshhol d meet at | east st a boitdiccellsIEG6ILEEG)d ar d s
in which only a 10% decreaseoin the initial performance is allowed over a period of 1000 h in
accelerated aging tests (only 5% is allowed forstaljine silicon solar celjs The solar cells

e ciency (d) nor tmacurtenvoltage (H\) parameteesdthefshenirauit current

density (dc), the opercircuit voltage (\bc) and t h e ).yThése darameters give [difeét
information about degradation ttaf the solar cell, even if they do not offer the dieteinformation

about degradation mechanisms. To investigate the degradation mechanisms in PSCs, some
measurement techniques should be appliqued such as electrochemical impedance spectroscopy (EIS)
technique, Quantum Efficiency technique, or IPCE (Indid®motonto-electron Conversion

Efficiency), expressed the conversion ratio of sun ray into electricity by a solar cell. So, Quantum
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Efficiency is an important indicator to estimate the performanteeadevice [30]. The EIS and IPCE
techniques are gendlygaaccommodating to check which materials of the solar cell exposed to
degradati on, even if sometimes is di cul't t o
juncture between the interfaces.

Additionally, to get sight into structural transformaisoand chemical changes, techniques such
as SEM, TEM, PL, XRD, AFM and Raman are usually suitable to be used. Production methods of
PSCs impact scientifically their high performance and long stabiitywever, many stability
enhancements have been proaegddue to the fast improvement in absorber compounds syntheses,
device manufacture process and well understandinghe® degradation mechanismsin the
investigation of stability of PSCs is dividedto two categories: intrinsic and extrinsic. Intrinsic
stability contains chemical and structural change in photovoltaic operating conditions (humidity,
temperature and light exposure) with the existent of impurities, specifically oxygen molecule and
water molecules, which are taking place in the device dumanufacturing. Furthermore, extrinsic

stability is related the failures of sealing and moisture blocking layers.

4. Physics proprieties of solar cells:
4.1.Electronic properties of material
As it is knownthat the electronic structure of the materialscasnpktely differentfrom

conductors, to semiconductors and insulators as itis showed in Figdre1. f or conduct or
the valence band @) overlap the conduction band )Cand are able to mevfreely under the
influence of an electric field. Elecins can be electrically or thermally excited, so the electrical
conductivity is above zero. In contrast, in semiconductors there are small band gap8.0fé)/5
between the full ¥ and the empty & Neither filled nor empty bands contribute to the eieat
conductivity of materials, because electrons cannot gain energy, since all energy levels are filled. The
manner in which electrons jump from valence band to conduction band depends on thé¢hsize o

band gap.
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Figure 1.1Q energy bands for condues, semiconductor, and insulator.

When electrons are excited from valence band to conduction band a positively charged hole is
left in valence band. If a hole in valence band is caused by imputhrsnaterial is an extrinsic
semiconductor (Figure 11).
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Figure 1.11shows excite@lectrons from the valence band to conduction band in
semiconductors materials

4.2.Direct and indirect bandgap semiconductors
For the determinization of the efficiency of absorption of light photons in a semiconductor
absorbers known as the absorption coefficient. Once transitions of electrons from the valence band
to the conduction band happen in semiconductors, a modificatiorystal momentum k can or
cannot happen. This occurrence of variation in k, wave vé@ongson once the possible route
accessible including lowest energy transititogure 1.12
47



Conduction Band Conduction Band

I,-I¢

A Taeessaw Electron | phonon
! ) Photon
. Electror ; iti G I
Phoion > cron Eq ,/ transition APl v v m E;
k
k
Valence Band Valence Band
(a) Direct bandgapemiconductor (b) Indirect bandgapemiconductor
(e. g. InAs and GaAs) (e. gnGSia

Figure 1.12Energy band diagram for direct and indirect semiconductors.

5. Thesis organizationand Main points:
The core objective of this research is to establish a new deposition procedure for the fabrication

of high efficiency Cu(ln,Ga)Sehin film solar cells and Hybrid Organloorganic Perovskites solar
cell and realizabn of tandem perovskite/CIGS.

Chapter 2 introduces the techniques of elaboration used for elaboration of CIGS, CdS thin films
and halide organic and inorganic thin film arg ttechnique used for investigate the structural,
Morphology, electrical and ogtal properties.

Chapters 3 present the investigation about the CIGS absorber film deposited by one step with
optimization of the deposition parameters also we examined finet ef different back contact in
structural and optical proprieties CIGS thilmfs. The structural behavior of the CIGS films was
characterized by Xay diffraction (XRD) the morphology of the deposited films was examined by
scanning electron microscof®EM), and transmission electron microscope (TEM). The topography
of the samplesvas measured by atomic force microscopy (AFM). The optical properties were
recorded in the wavelength from 400 to 950 nm by-WUsible spectroscopy. Furthermore, the
refractive index (n), extinction coefficient (k), real and imaginary parts of dielectmstant also

estimated.
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Chapters 4 will focus about the growth of CIGS films by sppgyolysis The chapter is
containing two part, first we will study the effect of expexirtal parameter and annealing process
which is the key factor for Improving theegformance of solar cells. In the second part, we will
investigate the performance of solar cell CIGS, grown by the spray technique, by simulator scapes
we get idea about thefficiency of solar cell.

Chapters Jresent theealizationof the device CddS/CdS/CIGS/Mawith The main target
to change the toxic ZnO b@dZnSwith optimizing the amount oZn, which makes it easy to
minimize the interface alignment and to illumia&he pn junction.The CdZnS/CdS/CIGS/Maolar
cell efficiency was measured anas charadrized by the currentlensity voltage (Y).

Chapters present theffectof antisolvendiethyl ether t to improve the performance of MAPDI
perovskite solar cdlsincethe addition of diethyl ether greatly affects the crystalline process of
MAPDIz and causes an increase in the grains size of the perovskite thin film. The increase of the gra
size may result increase in the light absorption of the perovskiteifaye use of diethyl ether is
optimized,in our study, optimizing the addition of diethyl etheperovskitebased solar cells based
on MAPDbk can very well increase the yield.

Chapter 7ntroduces th@hin films perovskite Formamidinium lead triiodi&&Pbk and doped
Guanidinium (GA) FAxGAxPbk andtheeffect of GA substitution on structural, morphological and
optical properties weipdhaisev asntdi-gphasd ef GAGAERDE ed dis i
thin films were studied after the incomation of different G.contenti n t he f ommses i on ¢
and st abi | {FaPbiphase.rHereir, the 10% GAls an adequate amount foyGAPbL
|l ead t o a h o mihase rough surfaceslargelinigrain dize and free pinholegshite
thin films. Furthermore, the stability was rostd

Chapter8 summarizes the work presented here and the owamdllapplication of CIGS and
MAPDbIz and FAPb4 for tandem perovskite/CIGS
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1. Experimental Techniques

1.1.Electrochemical Deposition of the absorber CIGS thin films

Electrodeposition is onmanufacturgechnique of the thin filniby goodcontrol of the electron
flow, the film thicknessdeposited carbe estimatedoy Far aday 0 s rblgsw [1]oThe EIl e ct
electrolytic cell containing othree electrodesan anodeelectrode, acathodeelectrode, and an
electrolyteincludethe metal ionsThe mairelectroplatingparametersonsist ofPh,concentration of
element contains in electrolyte sobnj canplexing agent used, temperature of soluticurrent
efficiencyin solution currentdensity, current distributiomgitation[2][3].

Figure 2.1 shows gypical eletrodepositiomprocedure contains the three types of electrode and
electrolyte Counte Electrode(CE) that lets the current passing over the cell; the curréoiws
between th&Vorking Electrode WEandCounter Electrode CEReference Electrod®RE) thathelps
to keep aconstant potential undehe chang of experimentalparametersthe WE potential is
referenced vs. thRE potential;REsare classicallyanodesn electrochemical celjsexample:NHE.
Working Electrode(WE) where theredox proceduresWEs are typically cahodes. Supporting
Electrolyteis an ionic substandbat exist in a saoltion to guarantethe conductivityin solution such

asKCl. Thesupporting electrolytdecreases the migration in the solutidh
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Figure 2.1Schematigllustrationof the electrochemical cells.

1.2.Chemical Bath Deposition (CBD) for buffer layer CdS deposition:

The Chemical Bath Depositio{CBD) techniqueis simple method, low temerature
procedurecheagrand largeareafor thedepositiorof thin films (figure 2.2) This technique involves
only solution contaisithe element® deposiandglasssubstrate. Among several depositinathods
the CBD maintainstableproduction adheentfilm with good reproducibility, uniforndeposition In
this method, le layerscan be grown on a substrate immersed in kathtion containing proper

chemicals atangetemperaturebetweer25°Cand100°C[5][6].
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