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The role of Sodium for the Enhancement of Solar Cells  

Latest findings published in Nature Communications 

Green energy gained by photovoltaic amounts ca. 6% of Germany’s gross power 
production1. The most common solar cells currently used are made out of silicon. So-
called CIGS, solar cells out of copper, indium, gallium and selen (Cu(In,Ga)(S,Se)2, are 
a promising alternative with an efficiency of ca. 23%, which is the conversion rate of 
light to electricity. In comparison to conventional silicon solar cells, CIGS consumes 
less material and production energy and are thus cheaper in production and 
environmentally friendly. Nevertheless, silicon solar cells are still more often used due 
to their high reliability. Dr. Torsten Schwarz, postdoctoral researcher at the Max-Planck-
Institut für Eisenforschung (MPIE) in Düsseldorf, and a team out of researchers mainly 
from the University of Luxembourg and the MPIE, investigated the influence of sodium 
doping on the growth and reliability of CIGS. The researchers published their latest 
findings in the journal Nature Communications. 

Previous research showed that sodium increases the CIGS’s efficiency but at the same 
time hampers the interdiffusion of indium and gallium so that a controlled growth of the 
solar cell is difficult. But how does sodium influence the cell at a grain boundary and 
what does it do in a grain itself? To ease the complexity of CIGS the researchers worked 
with monocrystalline instead of polycrystalline films. They compared the interdiffusion 
between the gallium-free crystal and the gallium-containing substrate with and without 
sodium. “We could show that sodium increases the interdiffusion of indium and gallium 
in monocrystalline films. The same is true for polycrystalline films but the effect takes 
place within a grain and not between grains, i.e. not across grain boundaries. This means 
that CIGS doped with sodium experiences an enhanced indium-gallium interdiffusion 
and are one reason why these films are more efficient”, explains Schwarz, who mainly 
did atom probe tomography measurements (APT) to reveal the local clustering and 
gradients of sodium. These findings were also confirmed by transmission electron 
microscopy (TEM) analysis done by Schwarz and his colleague Dr. Alba Garzón 
Manjón, also postdoctoral researcher at the MPIE. Additionally, the effect of sodium on 
the diffusion of gallium from the substrate through the film was measured by secondary 
ion mass spectrometry, energy-dispersive X-ray spectroscopy and cross-sectional nano-
Auger electron spectroscopy, which were coordinated by the University of Luxembourg. 
The results add new experimental data on the effects of sodium doping in CIGS and give 
insight into the interdiffusion of indium and gallium. 

The analysis revealed that sodium promotes indium and gallium intragrain diffusion and 
at the same time hinders diffusion across grain boundaries. Thus, grain boundaries play 
an important role as they act as a barrier for intergrain diffusion in conventional 

                                                 
1 https://de.statista.com/statistik/daten/studie/250915/umfrage/anteil-der-photovoltaik-an-der-stromerzeugung-in-
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polycrystalline CIGS films. Through grain boundary engineering and a better control of 
gallium diffusion the efficiency of solar cells can be increased. The researchers aim at 
improving and decreasing costs for future CIGS photovoltaic technologies through a 
better understanding of these fundamental processes. Moreover, in September Schwarz 
will present newest findings on potassium doping at the International Microscopy 
Conference IMC19 in Sydney, Australia. 
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Dr. Torsten Schwarz, postdoctoral researcher at the MPIE, analyzed the local clustering and 
gradients of sodium with the atom probe (seen in the image). Copyright: Max-Planck-Institut 
für Eisenforschung GmbH 
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