
Accepted Manuscript

Characterization of CuGa1-xTixS2 thin films synthesized by a facile non vacuum
method

Wen-Liang Fan, Yan-Lai Wang, Jun Zhu, Wei Jing, Shi-Liang Ban

PII: S0167-577X(17)31311-3
DOI: http://dx.doi.org/10.1016/j.matlet.2017.08.132
Reference: MLBLUE 23109

To appear in: Materials Letters

Received Date: 14 July 2017
Revised Date: 24 August 2017
Accepted Date: 25 August 2017

Please cite this article as: W-L. Fan, Y-L. Wang, J. Zhu, W. Jing, S-L. Ban, Characterization of CuGa1-xTixS2 thin
films synthesized by a facile non vacuum method, Materials Letters (2017), doi: http://dx.doi.org/10.1016/j.matlet.
2017.08.132

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.matlet.2017.08.132
http://dx.doi.org/10.1016/j.matlet.2017.08.132
http://dx.doi.org/10.1016/j.matlet.2017.08.132


  

1 
 

Characterization of CuGa1-xTixS2 thin films synthesized by a facile non 

vacuum method 

Wen-Liang Fan
a, b

, Yan-Lai Wang
a,
*, Jun Zhu

a
, Wei Jing

a
 , Shi-Liang Ban

a 
 

a
Key Laboratory of Semiconductor Photovoltaic Technology at Universities of Inner Mongolia Autonomous 

Region, School of Physical Science and Technology, Inner Mongolia University, Hohhot 010021, China 

b
Ordos Institute of Technology, Ordos 017000, China 

Abstract 

In present paper, a promising intermediate band (IB) material of CuGaS2 thin films incorporating with titanium (Ti) 

have been successfully fabricated by a facile non-vacuum method. Binary sulfides used as raw material are firstly 

tried to fabricate Ti-substituted CuGaS2 thin films via ball milling and spin-coating technique. The experimental 

measurements showed that the obtained Cu2Ga1-xTixS2 thin films are composed of chalcopyrite structure with well 

crystallinity. A slightly left shift of (112) diffraction peaks indicated the successful doping of Ti element. The Hall 

Effect measurement exhibited the carrier concentration raised obviously from 1.538×10
12

 (x = 0) to 1.134×10
13

 

cm
-3

 (x = 0.06) with increasing of Ti doping concentration. More important, the UV–vis–NIR spectra exhibited a 

strong optical absorption in Ti-substituted CuGaS2 films, which indicated the IBs were roughly formed in the 

films. 
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 Introduction 

In recent years, intermediate band solar cells (IBSC) have been drawing considerable attention due to the 

higher photocurrent without sacrificing the open circuit voltage for the high conversion efficiency of solar cells 

[1]. The estimated theoretical limit efficiency of IBSC is about 63.2%, much greater than 40.7% of the 

single-junction solar cell [2]. The methods of fabricating intermediate band (IB) material are generally classified 

into three categories i.e., quantum dots [3], highly mismatched alloys [4], and impurity doping in semiconductors 

[5]. Among them, impurity doping is a relatively easy method to fabricate IB, and the intermediate states obtained 

have higher electron density, which leads to a stronger optical absorption. The first principle calculations indicate 

certain transition metals are suggested as promising candidate materials to form IB in chalcogenides [6], such as 
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