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Research theme The 3D-PV group aims towards low cost and 
highly efficient solar energy conversion by exploiting 
electrochemical fabrication methods and the unique properties 
of nanomaterials. We have developed two parallel efforts: How 
can nanostructure geometries lead to new high efficiency solar 
cell designs? How can we fabricate functional material with 
nanoscale morphology and encoded optical properties on demand?  

Projects 1&2. Electrochemical growth of In1-xGaxAs for photovoltaic applications. 
Supervisors: Marco Valenti, Yorick Bleiji and Esther Alarcon 

Common growth techniques of III-V photonic crystals require expensive 
equipment, which prevent them from being used in novel large scale 
photovoltaics. In this collaborative project, two master students will study the 
inexpensive electrochemical growth of In1-xGaxAs photonic crystals with 
composition dependent optical properties (bandgap and electric and magnetic 
Mie resonances). Student1 will study the growth of In1-xGaxAs using the 
electrochemical analogy of atomic layer epitaxy (see picture). The layers of In1-

xGax and As are electro-deposited alternatively and repeated to grow In1-xGaxAs 
with controlled thickness. You will design and develop your own electrochemical 
flow cell, grow and characterise the In1-xGaxAs samples. Student2 will reveal the opto-electronic 
properties of the III-V components and In1-xGaxAs layers developed by this novel growth method by 
developing his/her own ellipsometry set-up. Existing Raman and photoluminescence probing will be 
also used.  In parallel, you will learn nanophotonic concepts in nano-patterned substrates for efficient 
solar energy conversion. 
  
Project 3: Electrochemical fabrication of carrier selective contacts. 
Supervisors: Yorick Bleiji and Esther Alarcon 

In this project you will fabricate carrier selective contacts using electrochemistry. You will 
study how to deposit an homogeneous thin layer (~10 nm) of MoOx onto Si. You will learn 
the basics of both macro and nano electrochemistry. You will analyse the deposit using 
the SEM, FIB, TEM, Raman spectroscopy, etc. This project will be closely related to the 
PhD project concerning the development of the new nanofabrication technique of the 
transparent conductive electrodes. The final part is to fabricate nanowire grids consisting 
out of a carrier selective contact and a metallic electrode. After the successful fabrication 
of the carrier selective electrodes, you will characterize the device by using commons techniques. 

Project 4: Mapping the activity of electrochemical water splitting with a fluorescent microscope 
Supervisors: Marco Valenti and Esther Alarcon 

Direct solar to fuel energy conversion solves the intermittency problem of renewable electricity. 
Hydrogen is a highly promising green fuel when obtained from the electrolysis of water, which is 
composed of hydrogen and oxygen evolution half reactions (HER, OER). The latter is limiting the 
conversion efficiency due to the lack of good OER catalysts. Nanostructured transition metal alloys  
(nTMa) are promising candidates as efficient catalysts but their performance is difficult to probe. This 
master project aims at revealing the OER activity of nTMa with a fluorescence microscope. You will 
first synthesize the nTMa with electrochemical methods. Then, the quenching of a fluorescent die due 
to the local oxygen production will reveal highly active regions in the catalyst that can be mapped in 
time and space with ms and µm resolution. The analysis of the experimental data requires basic 
programming skills in MATLAB or Python (or the willingness to learn). 
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