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Abstract 

In this paper we demonstrate a one-step reactive sputtering process for the absorber deposition, with a precise process control, that would significantly reduce the cost of the CIGS absorber 

production process and increase reproducibility. It allows an all-vacuum sputtering deposition process of the entire CIGS cell stack, compatible with large-scale manufacturing. For that purpose, 

a plasma emission monitoring (PEM) based feedback control is implemented in the reactive sputtering process in order to achieve a direct and precise control of the chalcogen (Selenium and 

Sulphur) species present in the plasma. Two planar magnetrons are used for sputtering of the metal part (mainly Cu-based alloys or Zn) while a valved linear effusion cell is used for the evapora-

tion of Se and S. As changes occur in the plasma environment, the PEM sensor monitors the variations in the signal intensity. This provides an input to the process controller that automatically 

actuates the linear effusion cell to adjust the chalcogen evaporation rate. The balance of metal and chalcogen atoms is maintained at the optimum level for obtaining high deposition rate and 

control of the film stoichiometry, which is crucial for obtaining high efficiency devices. 
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New selective Se, S sensor  
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Conclusions 

The level of control shown in presented results using the Nano4Energy/Gencoa 

PEC™ control system enables a new possibility to finely adjust the stoichiome-

try in thin film photovoltaics such as CIGS/CZTS. The control is maintained at 

large scale, enabling an increase in efficiency for industrial scale production as 

well as drastically cutting costs.  

 

 

A single stage in purely sputtered CIGS cell for  

Industrial production is readily available.  

 

Plasma emission lines of metallic  

part: Cu, In & Zn 

 

 

 

 

Nano4Energy is an advanced technology R&D 

company in the area of thin film surface 

engineering, funded in 2010. We are devoted to 

innovation, research and development in the area 

of surface modifications particularly  by  vacuum  

plasma processing.  

 

We offer partnership in the whole R&D process 

for development of new technology  for your 

specific needs in order to maximise the always so 

important quality and value for money. 

Nano4Energy also offers and develops innovative 

products for plasma processing making your 

production more efficient while increasing  

quality. 

Advanced Evaporation sources with  

Se,S partial pressure control 

Nano4Energy has developed a new generation of effusion cells enabling to inject evaporated species with a completely new level of control 

in the process for large area deposition.  

Together with Gencoa Ltd a reactive process control system has been developed. The system has been proven successful for as well CIGS/

CZTS absorbers using hybrid sputtering as for organics in OLED applications.   

The purpose is to combine present magnetron technology for industrial plasma coatings with a large area effusion cells for evaporation of 

e.g. chalcogen compounds and organics.  

 

Pulsed cracker effusion cell for chalcogens 

 

Operational principle: Pulsed mode 

 

S & Se partial pressure adjustment via  

feedback control 

We want our customers to share our 

excitement of improving the performance 

and quality of their processes and products 

by developing advanced deposition 

techniques beyond the current state of the 

art. 
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