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Research theme The Photonic Materials group studies 
the interactions between light, electrons, and matter at 
the nanoscale. We develop new materials and concepts 
for solar cells with improved efficiency, create optical 
metasurfaces that can perform mathematical 
operations (optical computing), and use time-resolved 
cathodoluminescence spectroscopy to study ultrafast 
optical phenomena at the nanoscale. All these topics are 
strongly linked and we have a strong culture of collaboration within our group.  
 
Project 1. Quantum electron wavepacket spectroscopy 
Supervisors: Matthias Liebtrau and Albert Polman  

In this project you will help build and use a new type of quantum electron microscope in our lab. You 
will study the interaction of nanosecond laser pulses from a Nd:YAG laser with nanosecond electron 
pulses in a scanning electron microscope (SEM). The strong laser-electron interaction will make each 
electron pick up or release energy quanta equal to the photon energy 
ℏ𝜔. This dresses the electron into a superposition state, composed of a 
spectrum of energy-loss and -gain sidebands which provides a unique 
way to control the quantum-mechanical electron wave packet in space 
and time. You will measure the electron energy spectrum and 
investigate how it can be modified by studying the interaction of the 
electron wavepacket with optical metamaterials in which light fields 
are tailored in special ways. 
 
Project 2. Light trapping nanopatterned back contacts in perovskite/silicon tandem solar cells 
Supervisors: Stefan Tabernig and Albert Polman  

Perovskite/silicon tandem solar cells have the potential to reach sunlight-to-electricity conversion 
efficiencies far above 30%. So far, this has not been demonstrated, one of the reasons being 
incomplete light coupling and trapping in the top and 
bottom solar cells. In this project you will design and 
fabricate a novel light trapping architecture for the 
backcontact of a perovskite/silicon solar cell.  You will use 
numerical simulations, cleanroom nanofabrication, soft 
nanoimprint lithography, and optical scattering 
measurements, and you will integrate your design with a Si heterojunction solar cell to test the 
enhanced light trapping in the near-infrared spectral range. 
 
Project 3. Ultrafast cathodoluminescence pump-probe spectroscopy 
Supervisors: Nika van Nielen and Albert Polman  

In this project you will use our newly developed ultrafast scanning laser/electron microscope to study 
optical phenomena at a picosecond time scale. The new instrument 
excites materials with 250 femtosecond laser pulses, and probes 
them with tightly focused electron pulses. You will exploit a recently 
developed lock-in technique to drive the pulsed electron source, to 
demonstrate high-spatial-resolution maps of plasmonic and dielectric 
microcavities. You will study resonance shifts on the picosecond time 
scale and investigate ultrafast dynamics of carrier generation, 
relaxation, and recombination that are relevant for photovoltaics and 
many other applications. 
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