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ABSTRACT 

To fabricate high efficiency multi-junction solar cells, the bandgap of 
each junction must be optimized for the respective sub-section of 
the sun’s spectrum that junction absorbs. This allows the top layer 
to efficiently convert short wavelength photons while the middle 
and bottom layers absorb successively longer wavelength photons. 
For a monolithic cell, the photocurrent of each junction must be 
matched so that all junctions produce maximum power at the same 
current. A designer must also remember to tune the layer depth of 
each individual junction so that it absorbs its portion of the 
spectrum while passing lower frequency photons to the lower layers 
in the stack. In addition, one must fine tune the anti-reflective layers 
so that light does not bounce off the cell back towards the sun. We 
solved this changing multivariable non-linear optimization problem 
using genetic algorithms. Our research shows that genetic 
algorithms perform surprisingly well without the need of prior 
domain knowledge. 

First, we focused the optimizer on state-of-the-art single junction 
designs including perovskite, silicon, and III-V materials. Perovskite is 
a relatively new material with high optical absorbsion and a sharp 
Urbach tail. Next we moved to the popular perovskite / silicon multi-
junction cell. The optimizer found a configuration with an efficiency 
of 31.33% (well above the current record of 28.0%) using 
parameters from state-of-the-art single junctions. Finally, we 
concentrated our optimizer on a combination of perovskite with 
traditional III-V materials. A novel combination of 
CH3NH3Pb(I0.65Br0.35)3 / Ga0.84In0.16As / Ga0.22In0.78As was discovered 
with a high efficiency of 43.43% under the AM1.5G spectrum. 
Compare this prediction to the current one-sun triple-junction world 
record efficiency of 37.9% and you will find an increase of 5.53%. 
We attribute this large gain to the competency of the genetic 
optimizer. 
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