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Organic solar cells (OSCs) are promising devices to address the challenges of massive production in 
renewable energy needed to reduce carbon impact. They are lightweight, flexible, semitransparent and can be 
produced on a large-scale using cost effective techniques such as roll-to-roll fabrication. So far, development 
has been hindered by a low efficiency and stability compared to their inorganic counterparts. Recently OSCs 
reached a remarkable milestone achieving a power efficiency of about 18% using a new class of molecule 
labelled as non-fullerene acceptors (NFA) [1]. Such records opens industrial exploitation perspectives but still 
requires in-depth understanding of the device physics. 
Solar cells are produced by stacking functional layers of materials with tailored energy band levels, to absorb 
photons and to maximize the extraction and separation of charges. Harvesting and charge-generation 
materials are made of organic materials whereas charge transport/extraction layers are typically transition 
metal oxides. In such stack, the resulting power conversion efficiency depends not only on the light harvesting 
material but also on the ability of transport layers to extract charges effectively while avoiding recombination 
losses at the interfaces. The present research project aims at investigating the device physics of a new class 
of very promising molecules for transporting electrons, namely non-fullerene acceptors based on fused-ring 
molecules in connection with donor-acceptor copolymers for which greater power efficiencies have been 
obtained. To date, the mechanisms behind their great efficiency is still unclear [2] as well as the interplay 
between the organic and inorganic layers and the robustness of the materials in working conditions. In the 
project, particular focus will be devoted to the study of electronic properties at organic-organic and organic 
-inorganic interfaces, including dynamic of charge transfer, and their relation with morphology and the impact 
of temperature / moisture/radiation.
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Expected objectives and results include: 
1. Developing a protocol to produce uniform thin films of NFA and copolymers by using electro-spray technique 
2. Characterizing electronic structure, energy band alignment of films produced using electro-spray in 
connection with morphology. 
3. Elucidating electronic properties at the molecular interfaces between NFA and copolymers and the inorganic 
charge extraction layers including, dipole formation, chemical bonding, charge transfer and dynamics  and in the 
device under working conditions 
4. Understanding the effect of external stresses such as radiation / temperature / moisture on the electronic 
structure of films 
The rational design of organic solar is achieved through the optimization of the energy alignment of conduction 
and valence bands at the interfaces between the functional organic materials as illustrated in Fig. 1  Each 
energy offset in the valence or conduction band must also prevent from charge recombination. Such design is 
commonly characterized by photoemission using measurements on individual films of molecules deposited by 
spin coating on conductive substrate, neglecting interplay between layers that can induce major changes at 
interfaces [3,4]. 
In the present project, we propose to give a full picture of the electronic properties in the stack by using vacuum 
deposition of molecular films by electro-spray directly connected to in-situ characterization by photoemission. 
While electronic interfaces will be studied by standard ultra-violet and X-ray photoemission at INSP, the 
characterization of the full stack will be achieved by hard X-ray photoemission able to probe buried layers 
together with the determination of electronic levels in both open circuit and under illumination, mimicking the 
functioning operation of the solar cell [5].  
The project will be co-supervised at Uppsala University where hard-X-ray photoemission in working conditions 
will be performed. The duration of the phD will be minimum 4 years to comply with Uppsala University 
requirements. 

Energy band alignment in solar cell stack


