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Unité de recherche (nom, label, équipe interne): LPEM, UMR 8213, Equipe « Micro & Nano 
Characterzation » 
Adresse : ESPCI, 10 Rue Vauquelin, Paris 75005 
Directeur de l’Unité : Ricardo LOBO  
Etablissement de rattachement : ESPCI/CNRS/UPMC  
Nom du directeur de thèse (HDR), téléphone et courriel : Dr. Zhuoying CHEN (HDR, Chargé de 
recherche CNRS au LPEM), Tel : 01 40 79 45 84 
Nombre de doctorants actuellement encadrés et années de fin de thèse (*: ligne à renseigner 
obligatoirement) : 1.5 (soutenances prévues pour 09/2018 et 09/2019) 
Co-encadrant éventuel : Dr. Laurent Billot, maître de conférences UPMC au LPEM 
Thème* (A,B,C,D,E) : B 
 
Titre de la thèse: Material and Device Physics for More Stable Organic, Nanocrystal, and Hybrid Solar 
Cells  
Description du projet: Researchers in the field of photovoltaic devices based on organic, inorganic colloidal 
quantum dots (QDs) and organic-inorganic perovskite halide materials have witnessed remarkable progress over 
the past decade. The majority of research efforts have been focused on the improvement of the power-conversion 
efficiency of these devices, leading to a significant increase of this figure-of-merit to >13% for organics and QDs 
and >22% for perovskites. This progress and additional advantageous properties, such as ease of processibility, 
low-cost, light-weight, flexibility and semi-transparency make these devices a contender for potential new 
industrial applications. However, when compared to silicon-based solar panels, which typically have a lifespan of 
25 years, most solution-processed 3rd-generation solar cells suffer from various degrees of material degradation 
related to the environment they are exposed to. Degradation, thus currently represents one of the utmost pressing 
issues preventing their large-scale application and exploitation. 
This PhD program aims to (1) identify the fundamental causes of degradation of organic, inorganic nanocrystal 
and hybrid organic-inorganic thin films; (2) understand the physical origin of degradation, i.e. the formation of 
degradation products; (3) correlate the changes in device characteristics to the causes identified; and (4) develop 
strategies to improve material and device stability. It can be anticipated that through this study we will gain 
fundamental understanding of how different choices of materials (organic, nanocrystal, or hybrid components), 
their synthetic and surface chemistry, and different device architectures, impact on the device degradation 
mechanisms. Understanding these aspects will not only lead to organic, QD and hybrid solar cells with improved 
device lifetimes, but also offer material and device design guidelines for further optimization of future 3rd-
generation photovoltaics. 
This 36-month PhD project (50% PhD scholarship already obtained from ANR) will be carried out by a tight 
collaboration between two research teams from Heidelberg University (Germany) and the LPEM (Laboratoire de 
Physique et d'Etude des Matériaux, a research unit of CNRS/ESPCI-Paris/Sorbonne Université) under the 
framework of a ANR France-Germany research collaboration project. The project will build on the strength and 
expertise of these two teams to allow for a multidisciplinary investigation. Short collaboration visits at Heidelberg 
University (Germany) will be planned during the 3-year PhD program.  
 
Facility: In ESPCI, the PhD student will have access to all equipment of the Micro & Nano Characterization 
(MNC) Group and all shared facilities at ESPCI (transmission and scanning electron microscopy, XRD, ESPCI 
cleanroom, mechanical workshop…etc.). The PhD student will also have access to all equipment through the 
platform of ‘Centrale de Proximité Paris-Centre’ (a network which gathers different cleanrooms in different 
institutes in Paris).  
 
Candidate profile: Solid academic background and a Master Degree on chemistry, material science, or applied 
physics. Good speaking & writing skills in English. Hard-working and passionate in scientific experiments.  


