
 Ph.D. Description 

 
 
Axe « Matériaux Inorganiques et NanOstructureS » - MINOS 
OR 3: Matériaux Nanostructurés Multifonctionnels 

 
Title: 
Organic-based electronic devices by using nano-structuration from silicon technology: effect of confinement 
on the functional properties  
Scientific keywords:  
PVDF and copolymer, nanolithography, piezoelectricity, magneto-electric coupling 
Hosting laboratory:  
Laboratoire des Sciences des Procédés et des Matériaux, CNRS UPR-3407, MINOS Team  
Université Paris 13, Sorbonne Paris Cité, 99 Avenue J.-B. Clément, F-93430 Villetaneuse. 
Responsible/Tutor: 
S. Mercone (Associated Professor) 
email : silvana.mercone@univ-paris13.fr 
Tel.: 01.49.40.34.20, 
Collaboration: 
J. Solard (I.E. Responsible of Clean Room) 
email: jeanne.solard@univ-paris13.fr   
Tel.: 0033 49 40 20 55 
Centrale de proximité en nanotechnologies de Paris Nord C(PN)², Laboratoire de Physique des Lasers (LPL-
CNRS UMR-7538), Université Paris 13, Sorbonne Paris Cité, 99, Av. J. B. Clément, 93430 Villetaneuse, 
France 
 
Context:  
Recent rapid developments in organic-based electronic devices, including light-emitting diodes, solar cells, and 
transistors, require high-quality organic memory compatible with other devices, which could eventually lead to 
the realization of organic-based equipment.[1,2] Information-storage devices fabricated from ferroelectric 
polymers such as poly(vinylidene fluoride) (PVDF) and its copolymers with trifluoroethylene (TrFE) have 
attracted a lot of attention because of their potential use in nonvolatile memory technology: currently one of 
the most essential technologies in the mobile industry.[3,4] One of the major advantages of ferroelectric 
polymers is their solution compatibility: the polymers can be dissolved in common organic solvents. Memory 
unit capacitors can be achieved by sandwiching highly uniform thin ferroelectric film, prepared by using a 
simple spin-casting process, between two electrodes. For PVDF and its copolymers, a small electric field 
suffices to create oriented permanent dipoles which are mandatory for data stability. Coercive field required 
are so far observed at approximately 50 MVm–1. A number of papers have appeared that discuss the 
crystallization and the polymorphic changes of PVDF films prepared from either the melt or solution.[5-11] 
Most of these papers have focused on methods (include mechanical stretching, high compression, 

hygroscopic salts, rate of cooling and heating, and solvent evaporation) of achieving polar  structure in films 
several micrometers thick, which are rarely applicable in memory devices because of the very high operating 
voltage of more than 100 V. Therefore, one needs to find a way, based on spin-casting, to fabricate polar 
ferroelectric PVDF thin films of less than 200 nm thickness that require a reasonably low operating voltage of 
approximately 10 V. Another important requirement for realizing polymeric memory devices is the capability 
of micro-/nanopattern formation to ensure high-density integration per unit area. The selective etching of 
material using a patterned mask is common in complementary metal oxide semiconductor (CMOS)- based 
memory fabrication. Ferroelectric polymers, however, are significantly damaged or alter their intrinsic 
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properties under the harsh patterning conditions, which suggests that a new nondestructive patterning 
technique should be applied. 
Preliminary results:  
During the master fellowship of A. N. Nguyen (2017), we have optimized the elaboration of very thin film of 
Poly(Vinylidene Fluoride) (PVDF) polymer presenting a well-controlled thickness, roughness and nano-
inclusions amount. We focused our effort on the spin-coating elaboration technique easy to transfer to an 
industrial process. We show [12] that it is possible to obtain very homogeneous and highly smooth thin films 
(thicknesses lower than 100 nm) by properly adjusting the concentration and the viscosity of the PVDF 
solution as well as the spin rate and the substrate temperature of the elaboration process. The electro-active 
phase content as well as the structural properties of the films have shown good performances of our 
continuous films. First tests of micro-patterning optical lithography combined with plasma etching has been 
used and let us to obtain well-defined one-dimensional micro-stripes demonstrating the easy-to-transfer 
silicon technology to polymer based devices. 
Goals: 
Starting from these very encouraging preliminary results obtained during A. N. Nguyen master fellowship, the 
aim of this PhD project is double: The first goal is to extend this friendly approach to elaborate very thin film 
from PVDF to its copolymer based on trifluoroethylene (TrFE) whose piezoelectric and dielectric properties 
are enhanced compared to the one of the PVDF. In this context several systems will be investigated 
considering different copolymer solution and metallic substrates. This latter is a key issue for future 
integration of polymer based devices into the standard technology.  The second goal is to take profit of the 
savoir faire developed at C(PN)² (the clean room facility of the LPL laboratories at the University of Sorbonne 
Paris Nord) on the original nano-patterning by using electronic lithography [13-14] and photolithography [15] 
based techniques (see fig.1). Preliminary results [12] on well-defined 10 µm large stripes of thin PVDF film 
obtained with this simple process indicate the possibility to investigate process with smaller patterns up to the 
nanoscale. We expect the final geometry of the designed nano-pattern to play a major role on the electro-
active properties of the PVDF and its copolymer which should be investigated into details as function of the 
morphology of the confinement.  

 

Fig. 2 Fabrication process (a) schematic of the contour mask and 

of the photomask made of self-organized micro-nanoparticles  
Photolithography Technique (LPL-C(PN)2). 

 
The comparison between the electo-active properties of the continuous film and the corresponding devices 
will allow a clear identification of the miniaturization effect upon their functional properties. 
If the time will last, we will also consider the possibility of including magnetic nanoparticles based on Iron 
oxide and presenting magnetic properties to couple to the organic matrix. To do this, we will take profit of the 
MINOS environment capable of elaborating very well controlled nano-particles with high magnetic 
performances. The first goal in this case will be of controlling the dispersion of the magnetic nano-inclusion 
by their functionalization and by using a magnetic field for their organization inside the polymer matrix. The 
second goal will be to transfer the Photolithography Technique to the hybrid films based on nano-inclusions 
and PVDF- TrFE and to study the nano-patterning effect on their functional properties.  
  
        



 
Advanced structural and microstructural characterizations of all these nanostructures will be performed using 
mainly X-ray diffraction (XRD) and Scanning and Transmission electron microscopy (SEM and TEM), 
Spectroscopic methods (IR, UV, Raman) and Atomic Force Microscopy (AFM). The candidate will have 
access to the necessary facilities (clean room, MEB-FEG and various diffractometer and microscopy common 
services at Univeristy of Sorbone Paris Nord) in order to elaborate the structures and to characterize them. 
Local piezoelectric measurements of the electro-active polymer will be performed in the frame of a tight 
collaboration that has been developed by S.Mercone with ICMAB laboratory in Barcelona since 2 years. 
Vectorial-VSM will be available for magnetic characterization at the LabeX SEAM platform. 
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Student profile: Student applying for this subject should possess a good background in material science and 
in the physico-chemistry properties of organic materials. He/She should also present experimental skills and a 
scientific interest in the academic studies on the elaboration and characterization of nanomaterials.  All these 
skills as well as human qualities allowing the student to integrate easily a new team, will be very useful in order 
to manage the multidisciplinary thematic of the PhD thesis.  
 


