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Four Generation of Solar Cells 

Å First Generation 

Å Single crystal silicon wafers (c-Si) 

Å Second Generation 

Å Amorphous silicon (a-Si) 

Å Polycrystalline silicon (poly-Si) 

Å Cadmium telluride (CdTe) 

Å Copper indium gallium diselenide (CIGS) alloy  

Å Third Generation 

Å Nanocrystal solar cells 

Å Photoelectrochemical (PEC) cells 

Å Gräetzel cells 

Å Polymer solar cells 

Å Dye sensitized solar cells (DSSC)  

Å Fourth Generation 

Å Hybrid ς inorganic crystals with a polymer matrix 
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CIGS as PV material 

Å CIGS  (CuInxGa1-xSe2 ) 

(copper indium gallium diselenide) 

 

Å Non stoichiometric semiconductor compound   

   ( I-III -VI)  

 

Å Direct gap semiconductor 

   (band gap can be adjusted).    

 

Å  Very good efficiency  

   (å22.6%  ) 

 

Å Very good stability in outdoor tests 
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CIGS technology in UNIMIB 

SUBSTRATE TYPES:  

14 x 11 cm2 soda lime glass 1 mm 

20 x 10 cm2 Cr stainless steel foil 125 um 

20 x 10 cm2 polyamide 25 um 

14 x 11 cm2 glass foil 125 um  

Cylindrical graphite transferring body 

1. The metal precursors are sputtered 

on ad hoc rotating support, named 

cylindrical ñtransfer devicesò, 

made by graphite plates. 

2. Metals are then evaporated in Se 

ambient thanks to a local heating  

3. The process continue since the 

desiderate thickness is reached.  

Simplified scheme of the CIGS deposition chamber 

*S. Binetti et al. , Semicond. Sci. Technol. 30 (2015) 105006 
*European  Patent 2013   n° EP 13425019.0 
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Best results on glass substrates 
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Best results on flexible substrates 

S. Binetti Solar Design Final Workshop Milan 16-12-2015 

Substrate Eff  

(%) 

Voc  

(mV) 

Jsc  

(mA/cm2) 

FF  

(%)  

Area  

cm2 

130um Glass 13.2 

 

496 38.9 68.6 0.15 

Stainless steel 13.8 534.2 37.5 69.02 0.15 

Upilex 11.7 512 35.6 64.34 0.15 

130µm Glass Upilex Stainless steel 
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CIGS device structure 

Material Mo CIGS CdS ZnO:i  ZnO:Al  Al  

Thickness (nm) 800 2000 70 100 330 400 

Cross section of CIGS cell fabricated at University of 

Milan Bicocca 

Front Grid 

ZnO:Al 

i:ZnO 

CdS 

CIGS 

Substrate  

Glass, metal foils, plastics 

Mo 

Stack of layers in CIGS cell 
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CdS buffer layer  

Scope and advantages: 

    part of the heterojunction deposited 

by Chemical Bath Deposition 

(CBD) 

ï electronic adjustments  

 (i.e. band alignments of 

conduction and valence bands) 

ï structural  adjustments  

 (i.e. lattice matching) 

ï chemical adjustments  

 (i.e. reducing or enhancing 

interdifussions processes) 

 Critical point:   

Åenvironmental aspect casting Cd. 

 

Åthe CBD process is not compatible 

with the in line vacuum deposition of 

CIGS absorber and TCO. 

 

ÅCSD solution deposition and waste 

recycling could be a mater of concern 

in industrial manufacturing. 
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Materials and methods 

Alternatives to CdS:  

 

Å Zn-Sn-O 

Å ZnS 

Å In xSy ; In(OH) 3 

Å InSex & ZnInSex  

(toxicity)  

Å ZnO1-xSx; 

Å SnO-SnS;  

Å etc. 

Deposition techniques:  

 

Å CBD - Chemical Bath Deposition 

Å ALD  - Atomic Layer Deposition 

Å  MOCVD  - Metal Organic Chemical Vapor 

                      Phase Deposition 

Å Evaporation 

Å Sputtering 

Å ED - Electrodeposition  

Å etc. 
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Å The right set-up for the deposition processes  

  (target conditioning; deposition rates; etc. ) 

Å Structural &morphological characterizations of the tin films. 

Å Optical characterization of the tin films. 

CIGS thin films solar cell structure 

film thickness 

r.f. sputtering power 

post thermal treatments 

sputtering pressure 

Sputtering parameters: 
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Why Sputtering? 

Å Wide variety of materials possible  

Å Reactive sputtering with O2  possible 

Å Stoechiometry often preserved 

 

Å roll to roll deposition: substrate: polyimide/ stainless steel  foil 

Å Reproducibility  

Å Application relevance 

Å Χ 
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Zn2SnO4 thin films characterization  
-  the r.f. sputtering power  
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ÅThe optical transmittance of  the ZTO thin 
films is higher than 95% in the visible 
range.  
 

ÅThe Eg obtained for the ZTO thin films 
ranges between 2.95 eV ς 3.35 eV. 

Å Zn2SnO4 

(75% ZnO + 25% SnO2) 
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Zn2SnO4 thin films characterization  

Raman spectroscopy 

1. Target characterization 

2. Film characterization 

Å Zn2SnO4 

(75% ZnO + 25% SnO2) 
 
Å No signals related to ZnO or 
SnO2 were observed in Raman 
spectra of the ZTO films. 
 
Å The optical transmittance  of 
the ZTO films in the visible 
range was higher than 86%. 
 
Å The optical Eg obtained for 
the ZTO thin films ranges 
between  3.36eV and 3.56 eV. 

Optical properties 

R. Mereu et al - J. of Alloy Comp., Vol 626 (2015) Pag. 112ς117 
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Zn2SnO4 thin films characterization  

AFM  
Thin film thicknesses  

(a) 48 nm 

(b) 77nm 

 (c) 110 nm  

(d) 160 nm 

http://images.google.it/imgres?imgurl=http://www.disat.unimib.it/vast/_borders/Logo Bicocca_ridotto.jpg&imgrefurl=http://www.disat.unimib.it/vast/elenco_docenti.htm&usg=__pY1uGtmIQiC6O3dnmB4cPUfGNtk=&h=443&w=414&sz=28&hl=it&start=1&um=1&tbnid=8P0glP06NeUZtM:&tbnh=127&tbnw=119&prev=/images?q=logo+bicocca&hl=it&sa=N&um=1


ZnS ï optical properties 

Å The effect of the r.f. sputtering power and 
the and the ZnS film thickness on the optical 
properties (UV-VIS) were studied. 
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Thickness 

ÅThe best value of transmittance in the visible 
range for a 140 nm ZnS thin film was 90%. 
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ZnS ï optical properties 

Å The effect of the r.f. sputtering power and the Ar pressure on the ZnS thin film on optical 
properties (UV-VIS) was studied. 
 
ÅThe best value of transmittance in the visible range for a 75 nm ZnS thin film was 79%. 


