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Abstract

In the present workwe have deposited ternary SnS-Se thinfilms by thermal treatment of SnS in S/Se

atmosphere. The effect of annealing conditions on the formation of ternary phasewas studied and the

optimumconditionwas identified. The structural,morphological and optoelectronic studies were

analyzed by techniques such as X-ray diffraction (XRD), Raman spectroscopy, AFMand photo-

response. The best results were found for samples treated under S/Se atmosphere at a temperature of

500 °Cduring 15min. TheXRD results showed good crystallinity. The formation of SnS-Se

compound is confirmed by Ramanmeasurements which illustrated the contribution of three peaks

reported at 137, 200 and 299.5 cm−1. Themorphology of the filmwas analyzed by the AFM technique

and the results were comparedwith SnS thinfilms obtaining a slight increase in the roughness of the

ternaryfilms and a similar grain size. XPS analyses confirmed the presence of Sn, S and Se elements on

the surface of thefilm. The bandgap of the filmswas calculated from the optical transmittance in the

visible spectrum, showing direct transitions for SnS and SnSSe at 1.3 eV and 1.12 eV respectively. As a

fundamental part of this work, SnSSe thinfilms showed response to light with higher photosensitivity

values, in comparison to SnS filmswithout treatment.

1. Introduction.

At present, solar cells have taken an important role when it comes to generating electricity by environmentally

friendlymethods. The cells with themost presence in themarket are Silicon (Si), CadmiumTellurium (CdTe)

andCIGSwith a conversion efficiency range from22.1% to 25.8% [1–5]. But the need for innovation of an

effective device, with low toxicity and abundantmaterials on earth has led researchers to search for new

materials suchCZTS, Sb2S3, FeS2, PbS, SnS and SnSe. These compounds have presented good characteristics to

be used as absorbing layers for solar cells, such as high absorption coefficients and energy gaps within the visible

spectrum, having a conversion efficiency range from2.8% to 12.6% [6–9].

Among these compounds,materials such as SnS and SnSe have been studied for years. The SnS thin films

have an energy gap of 1.3–1.7 eV and an absorption coefficient of 104–105 cm−1 [10, 11], while the SnSefilms

have an energy gap of 1.03 eV and an absorption coefficient of 104 cm−1 [12, 13]. The SnS and SnSe thinfilms

have been deposited by different techniques such as chemical bath deposition [14, 15], thermal evaporation

[16, 17], electrodeposition [18, 19], sputtering [20], spray pyrolysis [21, 22], etc. Despite bothmaterials have

beenwidely studied, there are only few reports on the formation of the SnSSe ternary compound. Intermediate

properties between the SnS and SnSe are expectedwith Se incorporation into SnS,making this compound

attractive for solar cell applications. The incorporation of selenium into SnS decreases the energy gap and

RECEIVED

13December 2018

REVISED

26 February 2019

ACCEPTED FOR PUBLICATION

22March 2019

PUBLISHED

5April 2019

©2019 IOPPublishing Ltd



Impact of PC71BM layer on the performance

of perovskite solar cells prepared at high moisture

conditions using a low temperature annealed ZnO thin

film as the electron transport layer
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ABSTRACT

ZnO is a promising electron transport material with high electron mobility

compared to TiO2 and SnO2. However, its high basicity and the presence of

hydroxyl groups at the ZnO surface induces thermochemical decomposition of

hybrid perovskites though proton transfer reactions. In perovskite solar cells

(PSCs), these deprotonation reactions produce chemical products at the interface

between ZnO and perovskite, which obstacle charge carrier extraction process

and lead to low efficiency of the solar cells. In this work, PC71BM thin films of

three different thickness, 19, 11 and 6 nm, were deposited on top of ZnO layers,

prepared by sol–gel spin coating and annealed at 150 "C. It is found that low

temperature prepared ZnO films contain deep trap states, and the effective

optical band gap of ZnO/PC71BM double layers is slightly reduced with the

thickness of the fullerene derivative. The presence of an interfacial PC71BM layer

on top of ZnO enhances the stability of the upcoming perovskite coatings and

promotes the passivation of trap states at the ZnO surface. Interestingly, the best

PC71BM-passivated PSC, fabricated under relative humidity (RH) of 60–65%,

achieves a maximum power conversion efficiency (PCE) of 13.3%, whereas those

PSCs with only ZnO as the electron transport layer show an average PCE of

5.5%. However, the stability under continuous illumination of PC71BM based

PSCs is significantly lower than expected, probably due to the PC71BM degra-

dation under high RH conditions.
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Abstract

In this paper, we present the performance of two solid-state dye sensitized solar cells 

(ssDSSCs) through SCAPS-1D simulation. The five layers of proposed structures are in 

solid-state. Recombination reactions and defects in materials were not considered to obtain 

maximum efficiency. The conjugated polymer BEHP-co-MEH PPV (poly{[2-[2′,5′-bis(2″-
ethylhexyloxy)phenyl]-1,4phenylenevin-ylene]-co-[2-methoxy-5-(2′-ethylhexyloxy)-1,4-

phenylenevin-ylene]}) and MoO
2
∕MoO

3
 are studied by first time in a ssDSSCs using 

SCAPS-1D program. The current–voltage characteristic (I–V or J–V) and Quantum Effi-

ciency behavior is analyzed and compared. The efficiencies achieved with BEHP-co-MEH 

PPV/MoO
2
MoO

3
 and BEHP-co-MEH PPV/PEDOT:PSS are 8.42% and 7.95%, respec-

tively. A solar cell with these characteristics can be included in a manufacturing workflow 

allowing its large-scale production.

Keywords Solid-state dye sensitized solar cells · Solid-state dye BEHP-co-MEH PPV · 

Solid-state electrolyte MoO
2
∕MoO

3
 · Solid-state electrolyte PEDOT:PSS · SCAPS-1D 

software
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A B S T R A C T

In this work, an experimental and theoretical study on CH3NH3PbI3 perovskite solar cells was performed. A

theoretical validation of experimental results in perovskite solar cells with efficiencies of 13.32% is presented.

An optimization study which involves the spiro-OMeTAD and perovskite thickness’ influence on electrical output

parameters (Voc, Jsc, FF and PCE) showed a promotion of solar cell efficiency to 15.50% under 100 nm and

400 nm for hole transport material and absorber, respectively. The importance of the diffusion length of the

absorber is discussed. In order to enhance the efficiency, a study of defect density (NT) was applied at the range

of 1016 cm−3 (experimental) to 1010 cm−3 (theoretical) where we achieved an efficiency of 20.26%. The present

work illustrates the importance of thickness optimization and the reduction of defect density (by the im-

provement of the quality of processed film) to obtain a better performance of this type of solar cell. Furthermore,

the relevance of the implementation of a back contact with higher work function was studied.

1. Introduction

Over the last years, solar energy devices offer a practical and sus-

tainable solution to the challenge of the increase in global energy de-

mand. As a reference in solar cells, the Shockley-Queisser (S-Q) model

describes that 33.7% is the solar energy conversion efficiency for a

single-junction with an adequate band gap around 1.34 eV (Shockley

and Queisser, 1961). Therefore, many investigations are aiming at ap-

proaching the S-Q limit and different materials have been studied such

as: CdTe (22.1%), GaAs (29.1%), CZTSSe (12.6%) and CIGS (22.9%)

(Green et al., 2019; Wang et al., 2013; Frontier, 2018). However, some

of these materials are scarce or toxic, which are limitations for large-

scale production of photovoltaics devices. Since the first report of

perovskite solar cell (PSC) by Miyasaka et al. (Kojima et al., 2009)

captured extensive attention from the scientific community, hybrid

organometal trihalide perovskites (MAPbX3, X = Cl, Br or I) have re-

cently emerged as a promising candidate for photovoltaic application.

This is due to their excellent photoelectric properties and facile solution

processing such as a direct band gap of 1.55 eV, absorption coefficient

above of 104 cm−1, a weak binding energy about 0.03 eV, and an im-

pressively low difference between open-circuit voltage (Voc) and its

band gap potential (De Wolf et al., 2014; Burschka et al., 2013; Umari,

Mosconi and De Angelis, 2014; Löper et al., 2014). In a theoretical

study, Pandey et al. found an efficiency of 27.6% (Pandey and Chaujar,

2016). In recent years, different configurations of perovskites solar cells

have been studied (Correa-Baena et al., 2017). The organic lead halide

perovskite-based solar cells have achieved a certified power conversion

efficiency (PCE) of 23.7% (NREL, 2019). This is a result of intensive

efforts to optimize the device structure, interfacial layers and the per-

ovskite thin film structure and composition (Lee et al., 2012; Burschka

et al., 2013; Singh and Miyasaka, 2018; Saliba et al., 2016). The un-

derstanding of the operation mechanism of the perovskite solar cell is

essential and required for further solar cell efficiency promotion. Device

simulation is a strong tool to understand device physics and optimum

design for efficiency improvement. In particular, Solar Cell Capacitance

Simulator 1-dimensional (SCAPS 1-D) is a simulation program that

calculates energy bands, concentrations and currents, J-V character-

istics and spectral response among other device parameters by solving

the three basic semiconductor equations (the continuity equations for

hole and electron and Poisson's equation) under the constraint of

boundary conditions. The program has been widely applied to in-

organic semiconductor solar-cell modeling, such as silicon, CIGS and

https://doi.org/10.1016/j.solener.2020.02.026
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Abstract

Currently, different types of materials are being used for solar cell applications, these vary according to the device’s require-

ments. In recent years, the main purposes in Dye Sensitized Solar Cells (DSSCs) study are, to obtain a longer useful lifetime 

and high conversion efficiencies, compared to existing devices in solar cell market. Consequently, this paper provides a status 

review on DSSCs general information, such as physic-chemical characteristics, modeling, simulation studies, text mining 

and applications. At the same time, this review deals with operation principles and manufacturing issues, because these 

are aspects affecting both the performance and device stability. In addition, the last challenges developed in each layer of 

DSSCs are shown, which have been presented to try covering the necessary requirements that will allow the competitiveness 

and commercialization of these types of devices. Finally, some industrial applications achieved in obtaining energy through 

DSSCs are described, as well as the types of companies today have used and improved them.

1 Introduction

With the boom of semiconductor materials, at first half of 

the twentieth century, Germanium and monocrystalline 

Silicon were the most used materials. In 1949, Schockley 

developed the theory of p–n junction, which will replace 

the vacuum diode [1]. From that moment, the development 

of electronics reaches unexpected levels. Many applications 

of p–n junction appeared, such as tunnel diodes, varactors, 

junction transistors and solar cells. Due to the growing 

demand for energy, the finite character and the environmen-

tal impact of current sources, solar cells are one of the most 

promising renewable alternatives. Research in this field has 

contributed to increase efficiency and reduce costs, through 

the development of new technologies and materials.

Actually, the highest efficiency of commercial silicon 

solar cells is 26.1% [2], although there are also other mate-

rials, such as dual-junction gallium arsenide, which achieve 

an efficiency of 32.6% [3]. DSSCs consist of a layer of 

nanocrystalline (mesoporous)  TiO2 particles on a transpar-

ent conducting oxide (TCO) substrate with an adsorbed Ru 

based dye as a sensitizer, a counter electrode and an electro-

lyte redox couple. DSSCs devices are easy to fabricate since 

they are stables to environment contaminants and process-

able at ambient temperature.

The first DSSC was created by O’Regan and Grätzel in 

1991 [4]. Since then, the advantages of DSSCs give the way 

for intensive research interest. Figure 1, shows the publi-

cations numbers in the last two decades. The DSSCs effi-

ciencies have increased through improvements in cell com-

ponents, particularly the redox couple and the dye  Co2+/3+ 

based redox couples have increased the open-circuit voltage 

above those that have used I−∕I
−
3
 , and donor ! acceptor dyes 

absorb much more strongly than the original ruthenium-

based complex [5]. In 2011, an efficiency of 12.3% was 

obtained for DSSCs under standard test conditions (STC), 

and increases to 13.1% under low light intensity [6]. This 

performance under low light, coupled with the fact that 

cell materials do not need to be rigorously purified, has 

increased commercial interest in DSSCs. Today, the world 

record was registered by Zhang et al. [7] with a 13.6% by 

minimizing energy losses of the excited states. However, 
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OFICIO No. 121-DEP/2020 
Asunto: Constancia 

Santo Domingo Tehuantepec, Oax.; a 04 de agosto de 2020 
 
 

Por medio de la presente se hace constar que el Profesor – Investigador 
 
 

DR. ISAAC MONTOYA DE LOS SANTOS.  

Impartió cátedra en el semestre 2019 – 2020 B, que corresponde al 
periodo del 02 de marzo al 30 de junio del 2020, en la asignatura, 
semestre, carrera y carga académica que a continuación se indican:  

  
 

ASIGNATURA SEMESTRE / CARRERA HR / SEM 

Política energética. 4to. Semestre / Maestría en 
Ciencias en Energía Eólica. 

5 / Semana 

Tecnología 
fotovoltaica. 

2do. Semestre / Maestría en 
Ciencias en Energía Solar. 

5 / Semana 

Innovación y 
transferencia 
tecnológica. 

4to. Semestre / Maestría en 
Ciencias en Energía Solar. 

5 / Semana 

 
Se extiende la presente para los fines legales que al interesado convenga. 

 
A T E N T A M E N T E. 

guiráa zanda ne guendaracala’dxi  
 

 

Dr. Víctor Iván Moreno Oliva 
Jefe de la División de Estudios de Posgrado 

 
 
 
 
C.f.p. Vicerrectoría Académica. - para su conocimiento.  
           Departamento de Servicios Escolares. - m/f 
           Archivo. 
*VIMO/mlzg 
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Santo Domingo Tehuantepec, Oax.; a 31 de julio de 2020 

 
 

DR. ISRAEL FLORES SANDOVAL 
VICE-RECTOR ACADÉMICO 
UNIVERSIDAD DEL ISTMO 
PRESENTE 
 
Por medio de la presente, hago de su conocimiento que los profesores 
miembros de la plantilla de la División de Estudios de Posgrado, apoyaron 
en el proceso de admisión a los aspirantes de los programas de la Maestría 
en Ciencias en Energía Eólica y Maestría en Ciencias en Energía Solar 
realizando actividades de actualización de examen de admisión, aplicación 
del examen y entrevista a los aspirantes de nuevo ingreso, para el ciclo 
escolar 2020-2022, que se llevó a cabo en las fechas especificadas por la 
convocatoria de ingreso al posgrado.  
 
Agradeciendo su amable atención, reciba un cordial saludo. 
 
 
 

A T E N T A M E N T E. 
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