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Thin-film technology to produce high-quality photovoltaic absorbers using 
low-cost and earth-abundant chalcogenide compounds through processes 
suitable for mass production.

Ultra-low-cost Inorganic Thin-film 

Solar Cells Using earth-abundant 

Elements
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  ‌�‌�Capable of depositing an earth-abundant element-based Cu2ZnSn(S,Se)4 compound thin film with a 
uniform thickness of 1-2 μm and large area of 10x10 cm2 

  ‌�Capable of depositing a thin film of Cu2ZnSn(S,Se)4 compound with high quality at the temperature of 
500°C or below 

  ‌�Applicable to the top or bottom cells of single-junction or multi-junction solar cells because the energy 
bandgap can be adjusted by controlling the S/Se atomic ratio 

  ‌�Applicable to rigid glass substrates as well as flexible substrates to realize flexible thin-film solar cells 

Description and Characteristics of Technology

Application Fields Products

PV power generation in Residential/
Commercial/Industrial, and Utility 

portable power supplies 

Building-integrated PV modules / 
Vehicle-integrated PV modules / 

Portable power supplies / PV module 
products for various purposes

Scope of Application

Conventional Technology Present Technology

  ‌�Cu(In,Ga)Se2 solar cells can yield a high power 
conversion  efficiency more than 20% but 
cost competitiveness is low due to the use of 
scarce elements such as In and Ga and its multi-
stage deposition process is able to add to the 
complexity.

  ‌�‌�Earth-abundant element-based Cu2ZnSn(S,Se)4 
compound thin films, which serve as the light 
absorbers of solar cells, can be deposited at a low 
process temperature through an evaporation 
method with one-step process.

Energy bandgap controlled by  
adjusting the Se/S ratio

Implementation of flexible  
thin-film solar cells

Achievement of 7.72% power conversion efficiency with earth-
abundant element-based solar cells

Basic Research PrototypeExperiment Turning into practice Commercialization

[TRL 3: Lab-scale basic performance verification] 
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1
Method for manufacturing CZTS based 
thin film having dual band gap slope 

(Republic of Korea)
10-2012-0066111

2012.06.20 10-1339874 2013.12.04

(USA)
14/364,879 

2014.06.12 9,780,246 2017.10.03

2
Method for manufacturing CZTSe light 
absorbing layer on basis of simultaneous 
vacuum evaporation process 

(Republic of Korea)
10-2013-0042782

2013.04.18 10-1406704 2014.06.02

(China) 
201480021343.3

2015.10.15
ZL2014

80021343.3
2017.12.08

3
Method for manufacturing chalcogen 
compound-based light absorbing layer 
thin films for solar cells 

(Republic of Korea)
10-2015-0159160

2015.11.12 10-1723096 2017.03.29

(USA)
US 15/209,837

2016.07.14 10/056,512 2018.08.21

Structural Diagram/Conceptual Diagram


