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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

 * F. Ayala-Mató 

 fayala840425@gmail.com

1 Centro de Investigación en Ingeniería y Ciencias Aplicadas, Universidad Autónoma del Estado de 

Morelos, Ave. Universidad 100, C.P. 62210 Cuernavaca, Morelos, Mexico

2 Centro de Investigaciones Químicas, Universidad Autónoma del Estado de Morelos, Ave. 

Universidad 100, C.P. 62210 Cuernavaca, Morelos, Mexico

3 Instituto de Investigaciones en Materiales, Universidad Nacional Autónomade México, 

C.P. 04510 Coyoacán, Ciudad de México, Mexico

4 Instituto de Estudios de la Energía, Universidad del Istmo, Ave. Ciudad Universitaria S/N, Santo 

Domingo Tehuantepec, C.P. 70760 Oaxaca, Mexico



Impact of PC71BM layer on the performance

of perovskite solar cells prepared at high moisture

conditions using a low temperature annealed ZnO thin
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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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Original research article 
Structural, optical and photoluminescence properties of TiO2 and 
TiO2: Tm3+ nanopowders 
J.A. Borrego-Pérez a,*, Federico González b, C.A. Meza-Avendaño c, 
I. Montoya De Los Santos d, Rigoberto López-Juárez e,*, I. Hernández f, E. 
M. Alonso-Guzman a,*, W. Martinez-Molina a, H.L. Chavez-Garcia a 

a Facultad de Ingeniería Civil, Universidad Michoacana de San Nicolás de Hidalgo, Morelia, Michoacán, 58040, Mexico 
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Mexico 
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Mexico 
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A R T I C L E  I N F O   

Keywords: 
(A) TiO2 
(B) sol-gel growth 
(D) Tm3+-luminescence 
(D) optical properties 
(D) chemical shift model 

A B S T R A C T   

Tm3+-doped TiO2 nanocrystalline powders (in the range from 0.0 to 6 at. % of Tm3+) were 
synthesized by the sol-gel method at 500 ◦C. Structural, optical and photoluminescence properties 
were characterized by X-ray diffraction, transmission and scanning electron microscopy (TEM, 
SEM), UV–vis spectroscopy and photoluminescence spectroscopy. From XRD results all compo-
sitions show anatase structure, and the incorporation of Tm3+ promoted an increase in lattice 
parameters and inhibit the crystal growth. HRTEM micrographs show the presence of d-plane 
spacings corresponding to Tm2O3 and Tm2Ti2O7 phases for samples annealed at 500 ◦C. FTIR, 
reflectance UV–vis and photoluminescent spectra showed well defined bands ascribed to the 
Tm3+ f-f transition. Vacuum referred binding energy diagram and chemical shift model approach 
are presented to analyze the relationship between the TiO2 electronic structure and the Tm3+ f-f 
transition.   

1. Introduction 

The advances of nanotechnology and the research efforts to develop affordable and environmentally friendly materials with 
enhanced properties that may have several applications, such as removal of contaminants [1], their incorporation in photonic and 
optoelectronic devices [2,3] such as solar cells [4], sensors [5], etc., has encouraged the research in a large number of semiconductor 
materials such as ZnO, TiO2, WO3, and ZnS [6–9]. 

Among the aforementioned materials, titanium oxide (TiO2) is one of the best semiconductors employed in several applications. 

* Corresponding author. 
E-mail addresses: jorge.borrego@umich.mx (J.A. Borrego-Pérez), rlopez@iim.unam.mx (R. López-Juárez), eliamercedesalonso@gmail.com 

(E.M. Alonso-Guzman).  
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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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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

Received 29 November 2019; Received in revised form 30 January 2020; Accepted 6 February 2020

⁎ Corresponding author.

E-mail address: isaacms88@gmail.com (I. Montoya De Los Santos).

















UNIVERSIDAD DEL ISTMO 

 
Campus Tehuantepec 

Cd. Universitaria, Sto. Domingo 
Tehuantepec, Oax. 

 (971) 5224050  

Campus Ixtepec 
Cd. Universitaria, Cd. Ixtepec, 

Oax. 
(971) 7127050 

Campus Juchitán 
Cd. Universitaria, H. Cd. de 
Juchitán de Zaragoza, Oax. 

(971) 712 7050 
 

www.unistmo.edu.mx 

 
   “2021, AÑO DEL RECONOCIMIENTO AL PERSONAL DE SALUD POR LA LUCHA CONTRA EL VIRUS SARS-CoV2, COVID-19.”                  

 
OFICIO No. 041-DEP/2021 

Asunto: Asignación de coordinador del Seminario  
Permanente de Investigación y Divulgación Científica 

 
Santo Domingo Tehuantepec, Oax.; a 26 de febrero de 2021 

 
Dr. Isaac Montoya De Los Santos 
Profesor-Investigador 
UNISTMO 
P R E S E N T E. 
 
Por medio de la presente le informo que ha sido usted designado como 
coordinador del Seminario Permanente de Investigación y Divulgación 
Científica durante los semestres: 2020-2021B y 2021-2022A, que se lleva a 
cabo entre profesores y estudiantes de la División de Estudios de Posgrado 
de esta Institución, cuyo objetivo es abrir espacios de diálogo en la 
generación de conocimiento dentro del sector eólico y solar, permitiendo 
compartir temas de novedoso impacto y a la vez colaborar en investigaciones 
que se estén realizando en el departamento de posgrado. 
 
Por esta razón me permito solicitar su apoyo para coordinar este seminario, 
tomando en cuenta que las actividades que deberá de realizar son 
 
• Calendarizar las ponencias. 
• Publicación del calendario en tiempo y forma. 
• Moderar las presentaciones. 
• Tomar asistencia de estudiantes y profesores. 
• Elaboración y entrega de constancias de participación. 
• Elaboración de reporte anual sobre las actividades realizadas en el    
seminario. 
 
Agradeciendo su apoyo, reciba una cordial salud. 
 

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. Archivo. 
*VIMO/mlzg 








	Docencia parte 1 (1).pdf (p.1-4)
	Docencia parte 2 (1).pdf (p.5)

