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Cell structure and absorber deposition 

Flexible  Cu(In,Ga)Se2 thin film technology 

Outlook 

 Interplay between band gap grading and interface properties after alkali treatment to be investigated. 

 

 Flexible tandem devices with CIGS bottom cell. 

 

Prospects for further efficiency increase are bright! 

 Flexible CIGS solar cells 

 Highest efficiency of 20.4% and mini-module efficiency of 16.9% achieved on a laboratory scale, 

 comparable to the best results reported on glass substrate or for multicrystalline Si. 

 

 Alkali post-deposition treatment developed at Empa 

 Improved p-n junction formation. 

 

 

 Impact of Empa’s R&D activities 

 The innovative processes developed at Empa for high efficiency flexible solar cells stimulated 

 research labs around the world and led to several new world records. 

 

 CIGS solar cells in tandem applications 

 Efficiencies towards 30% possible with perovskite-CIGS tandem solar cells 
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Thin film solar cells based on the chalcopyrite Cu(In,Ga)Se2 absorber material have recently 

shown light-to-electrical power conversion efficiencies higher than polycrystalline silicon. Alkali-

doping of Cu(In,Ga)Se2 (CIGS) absorber layers is a key aspect for the processing of high efficiency 

thin film solar cells. Sodium addition has long been known for its positive effect on electronic 

properties of the absorber layer, whereas the addition of other alkali metals was believed to be less 

beneficial. Our group however recently introduced a KF post-deposition treatment (KF PDT) of the 

absorber layer grown at low temperature, allowing the processing of a 20.4% efficiency flexible 

device. We present an overview on the recent developments in this field and discuss further 

potential for performance improvement.  

Even higher efficiencies can be expected if the narrow band gap CIGS absorber material is 

combined with a wide band gap absorber such as CH3NH3PbI3 in tandem structures. The concept 

and the potential of applying CH3NH3PbI3 based perovskite top solar cell together with thin film 

Cu(In,Ga)Se2 bottom solar cell in tandem devices is discussed. 

Development of high efficiency solar cells at Empa 

Alkaline elements in CIGS solar cells 

Flexible photovoltaics 

Advantages Challenges 

 Low weight 

 

 Roll-to-roll processing 

 

 New applications 

 

 Potential for reduced energy 

payback time 

 Limited process temperature 

(plastic substrate) 

 Diffusion of impurities (metallic 

substrate) 

 Development of roll-to-roll 

equipment 

 Encapsulation for long-term 

stability 
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Abstract 

Efficiency potential of CIGS solar cells 

Flexible 

substrate 

Highest reported 

efficiency [%] 

Metal 

Titanium 17.9 

Stainless steel 18.7* 

Mild steel 15.4* 

Enamelled steel 18.1* 

Molybdenum 14.6 

Aluminum 17.1* 

Polymer 

Polyimide 20.4* 

Ceramic 

Zirconia 17.7 

New process introduced 

by Empa -  

CIGS technology  

record efficiency (20.4%) 

Solibro: 21.0% 

ZSW : 21.7% 

Implementation of KF 

PDT in other labs 

20.4% efficiency of CIGS on flexible substrate 

comparable to market-leading multicrystalline Si!  

Progress of flexible CIGS solar cell efficiency at Empa 

 Improved CIGS/CdS junction 

formation 

NaF&KF PDT  

Post-deposition treatment (PDT) with NaF and KF improves the junction quality 

and allows lower optical losses 

Doping of bulk layer 

CIGS surface modification 

 Reduced CdS thickness without loss in performance 

NaF NaF

&KF 

 

F. Pianezzi, P. Reinhard, et al., Phys.Chem.Chem.Phys, 16, 8843-8851, 2014 

A. Chirilă, P. Reinhard, F. Pianezzi, et al., Nature Materials, 12, 1107-1111, 2013 

 PDT with KF leads to a Cu-depleted surface region 

 PDT with KF facilitates diffusion of Cd into the CIGS surface region 

 In-diffusion of Cd leads to a type-inverted CIGS surface region 

 Reduced recombination at the CdS/CIGS interface 

 

 

  Jsc 
[mA/cm2] 

Voc 
[mV] 

FF  
[%] 

Eff  
[%] 

Empa cell on PI 35.1 736 78.9 20.4 

SQ-limit (1.15 eV) 42.3 887 87 32.7 

Losses compared 

to SQ-limit 
-17% -17% -9.3%   

 Optimize AR coating 

 Omit buffer layer w/o losses in Voc 

 Increase optical thickness of CIGS 

 Find suitable front contact with higher Eg and higher mobility  

 Better understand the role of band gap and potential fluctuations 

 Identify non-radiative recombination centers in high efficiency devices 

 Better understand the role of  grain boundaries and the CIGS surface 

 

 
Envisaged improvement of   Jsc by ~10%  

 (38.5 mA/cm2) 

 Voc by ~9%  

 (800 mV) 

 FF by ~3% 

 (81%) 

 efficiency of 25% for CIGS solar 

 cells is a realistic goal 

This development is supported by  CCEM project CONNECT-PV, SFOE project CIGS25, SNF project Recombination, Horizon 2020  project  Sharc25 with 11 European partners 

Solar cell structure Voc  

(mV) 

Jsc 

(mA/c

m2) 

FF  

(%) 

Eff.  

(%) 

Eff. 

(%) 4-

termi 

State of the art CIGS on PI 719 34.8 77.2 19.3 - 

CIGS with Perovskite filter 695 14.4 77.2 7.7 - 

State of the art Perovskite 1078 19.1 73 15.0 - 

CI(G)S-Perovskite Tandem * optim. perovskite 1780 19.1 77 26.2* 29.3* 

* Estimated values 

 Efficiencies towards 30% are feasible by combining CIGS solar cells with perovskite solar cells in tandem devices 

CIGS solar cells in tandem devices 

This development is supported by  NanoTera project SYNERGY, NRP70 project PV2050 


