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【Introduction】Perovskite solar cells (PeSCs) have made great attention in the last 5 years. The efficiencies of 

PeSCs have been improved from 3.8% to over 20% [1]. The TiO2 thin layer is the most promising electron-

transport material for PeSC [2]. For getting high efficiency PeSCs with suitable electronic property of TiO2, 

several methods such as sol−gel, slot-die coating, spin-coating, electrodeposition, atomic layer deposition, and 

electron beam evaporation (EBE) have been used [3]. Among them, EBE is most advantageous technique 

because it is common, versatile and least expensive technology which can produce TiO2 films with good optical 

and mechanical properties [4]. In this work, different thickness of TiO2 films have been deposited on indium tin 

oxide (ITO) by EBE technique. The photovoltaic performance of PeSC with these TiO2 films has been 

investigated. 

【Experimental】At first, the  ITO substrates were cleaned by the ultrasonic system in acetone, then distilled 

water, and then dried in pure N2 steam flow. The different thickness of TiO2 films were deposited on bare ITO 

substrate by EBE system. The film thicknesses of TiO2 films were varied from 30-300 nm measured by 

computer controlled quartz-crystal. Perovskite layered was fabricated on TiO2 by spin-coating method in N2 

environment. The Spiro-OMeTAD and gold materials are used as a hole transport material and metal contact, 

respectively. The prepared TiO2 films and perovskite/TiO2 were characterized by using X-ray photoelectron 

spectroscopy (XPS), field emission scanning electron microscope (FE-SEM). The active cell area was 0.04 cm
2
. 

The photovoltaic performances of PeSCs were measured using a semiconductor device analyzer and solar 

simulator AM 1.5.  

 
Fig. 1. (a) XPS spectra of TiO2 films, and (b) I-V curves of PeSC with thickness dependent TiO2 photoelectrode. 

【Results and discussions】Figure 1(a) shows the XPS pattern of 300 nm thick TiO2 films. The observed Ti 

2p1/2 and 2p 3/2 binding energy peaks are 456.4 and 462.3 eV, respectively, remain same for pure TiO2. The O 1s 

spectrum shown in Inset of Fig. 1(a) also indicates that the binding energy of O 1s is resolved into three peaks 

i.e., 528.2, and 530 eV. The peak at 530 eV represents the O 1s level in the pure TiO2, which is surrounded by 

TiO2 atoms. Fig. 1(b) shows the I-V curves of PeSCs prepared with TiO2 with different thickness. The PeSC 

with 90 nm thick TiO2 film shows highest efficiency of 6.8% compared to PeSC with other thickness of TiO2 

films. 

【Conclusion】The perovskite solar cell were successfully fabricated with thickness-dependent TiO2 films. The 

cell performance was investigated with various thicknesses of TiO2 films. The TiO2 film was chemically pure 

and amorphous structure. The solar cell with 90 nm thick of TiO2 film shows the maximum efficiency of 6.8% 

which is higher than the PeSC with other thickness of TiO2 films.  

【Acknowledgement】An author, Md. Faruk Hossain would like to thank the Japanese Society for Promotion of 

Science (JSPS) for his fellowship and financial supports (MEXT/JSPS KAKENHI Grant Number: JP16F16372). 

 

【References】 

[1]. T. Meng, C. Liu, K. Wang, T. He, Y.  Zhu, A. A. Enizi, A. Elzatahry, and X. Gong, ACS Appl. Mater. 

Interfaces, 8, 1876 (2016).  

[2]. N.G. Park, J. Phys. Chem. Lett. 4, 2423 (2013). 

[3]. D. M. Rojas, H. Sun, D. C. Iza, J. Weickert, L. Chen, H. Wang, L. S. Mende, J. L. M. Driscoll, Progr. 

Photovolt., 21, 393 (2013). 

[4]. M. F. Hossain, S. Naka, H. Okada, the 24
th

 International Workshop on Active-Matrix Flat Panel Displsys 

and Devices, P-31, July 4-7, 2017, Ryukoku University Avanti Kyoto Hall, Kyoto, Japan. 

0.0 0.2 0.4 0.6 0.8 1.0
0

2

4

6

8

10

12

14

16

P
h

o
to

cu
rr

en
t 

(m
A

/c
m

2
)

Photovoltage (V)

 30 nm

 60 nm

 90 nm

 120 nm

 300 nm

452 456 460 464 468

O 1s

O 1s

Ti 2p
1/2

Ti 2p
2/3

In
te

n
si

ty
 (

ar
b

. 
u

n
it

s)

Binding energy (eV)

526 528 530 532 534 536

Ti 2p

O 1s

In
te

n
si

ty
 (

ar
b
. 
u
n
it

s)

Binding energy (eV)

(a) (b)

第65回応用物理学会春季学術講演会 講演予稿集 (2018 早稲田大学・西早稲田キャンパス)19p-P5-32 

© 2018年 応用物理学会 05-256 6.3

mailto:faruk94_ruet@yahoo.com
mailto:okada@eng.u-toyama.ac.jp

