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PV at Empa

Materials

Processes

DEMOS and Field tests

Thin film PV: CIGS, CIS, CZTS, organic

Thin film PV: sputtering, vapor deposition, wet coating, inkjet printing

NEST, MOVE, Demonstrator, field tests

PV at Empa



PV at Empa

Materials for thin film PV

Chalcogenides

CIGS/
PerovskiteOrganic

Perovskites

Processes for fabrication
Inkjet

Slot die

PVD, sputtering

CCC

Implementation of PV

Flexible CIGS

SiliconPerovskite
demonstrator



Perovskite thin film photovoltaic technology
(MAPbI3)

(or)

BAX3: A and 'B' are two cations of very different 
sizes, and X is an anion that bonds to both.

B

A

X

T. Huang et al., 2021https://doi.org/10.1021/acs.jpcc.1c05841 

Goldschmidt tolerance factor

For 0.8 < t < 1.0, a stable perovskite structure is predicted at room temperature



Where it all started

T. Miyasaka, J. Am. Chem. Soc., 2009, 131, 6050–6051

MAPbI3 were first used as sensitizers in liquid 
electrolyte mesoporous cells

2009 Park (Korea) 4% to 6%

2012 M. Grätzel, S. I. Seok
and H. Snaith 10-11%

2016 M. Grätzel group 21.1%

2019 Park (KRIKT) 25.2%

2021 Grätzel, KIER, 
UNIST, UU 25.6 %

Elumalai et.al Energies (2016)
H. D. Pham et al., Energy Environ. Sci., 12, 1177 ( 2019)
Jeong et al., Nature, 593, 381–385 (2021)

 This principle works with dyes adsorbed on TiO2

 It also works with quantum dots as sensitizers, 
e.g. CdS or Perovskite

Dye sensitized solar cells



Various device architectures



Stability issues of perovskite solar cells

Material stability of the photoactive layer

M. Khenkin et al., Nature Energy, 5, 35–49 (2020)T. Huang et al., J. Phys. Chem. C, 125, 19088 (2021)

 Volatility and acidic nature of MA+ (CH3NH3
+)

CH3NH3PbI3 →  PbI2 + CH3NH2 + HI

 Water uptake, MA4PbI6·2H2O hydrate phases PbI2

 Crystalline phase instability cations FA (too large), Cs+ (too 
small), MA (unstable)

 Halide segregation of mixed Br and I  anions (mixed anions 
are good for tuning the bandgap tandem solar cells)

 Interface stability, grain boundary passivation

 Electric field induced degradation

 Damage by UV light irradiation



Uniqueness of the mesoscopic PSC architecture
 Crystal growth uniform over the full surface using inkjet

 Robust thick structure is less sensitive to surface defects

 Cell interconnect does not create interfacial defects since 
the active material is added after the scribing step



Scale-up challenge
Inkjet infiltration of the perovskite 
precursor. Slot-die coating of 
porous scaffold.

A. Verma et al, J.Mater.Chem.C, 2020,8,6124
A. Verma et al, Materials Advances, 2020,  DOI: 
10.1039/d0ma00077a Both have a PCE of 13 %



Industrialization of Perovskite PV technology
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