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Background : Stretchable microelectronics devices increasingly develop in a lot of application fields and in 

particular the biology / medicine using human tissues [1]. In bio-inspired systems, functional thin layers are 

deposited on soft substrate and one major issue is related to the mechanical integrity of the film/substrate set 

during elaboration but also operation. Our group, in close collaboration with synchrotron Soleil, develops for 

more than ten years, studies on the mechanical behavior of such systems acting on the mechanical contrast and 

the size effect of the materials used.  We perfectly control in our institute the synthesis by ion sputtering of thin 

single and multi-layers (size effect and interfaces) on polymer substrates such as Kapton HN [2]. Since two 

years, our subject has evolved towards oxide thin layer (rather brittle) in a « stress engineering » approach [3] 

that seeks to adjust a physical property (electrical, optical) to a specific application. Indeed, the electronic 

structure of a strained material can be significantly modified at large elastic strains (> 1%) [4]. In the case of 

brittle materials, the layer must be very thin (few nanometers) and confined at the substrate surface in order to 

allow at least 1 % of elastic strain without destruction of the film. Our studies have shown that the stored elastic 

strain in a ductile film increases inversely when reducing the film thickness [5]. 

State of the art [6]: Materials showing a metal-insulator transition temperature – TMI related to a phase structure 

change, are attractive candidates. This is the case for the VO2 phase with a transition temperature around 69°C, a 

value decreasing with crystal size. In addition, a hydrostatic compression may shift this transition towards room 

temperature. However, attempts for thin film synthesis on polyimide at moderated temperature failed so far. New 

ideas arose but need long term work before commissioning: GLAD deposition of vanadium porous films or layer 

of vanadium nanoparticles deposited by PLD, followed by post oxidation at moderated temperature. Transparent 

conductor oxides – TCO such as indium tin oxide - ITO which is still predominantly used in applications may be 

easily deposited on soft substrates in a polycrystalline state. Our team already validates the procedure and first 

mechanical tests have been realized during spring 2017 at the DiffAbs beamline. 

Scientific goals of the project: The main objective here is to evidence the deformation effect on the electrical 

conduction of ITO thin films during the mechanical test. ITO thin films are deposited on Kapton HN by ion 

beam sputtering and mechanical testing are done in situ thanks to a controlled biaxial deformation machine 

placed at the center of the diffractometer of the DiffAbs beamline at Soleil. This set-up is unique [7] and 

combines measurements of elastic and macroscopic strains. Thus, the elastic stain is measured by x-ray 

diffraction and the use of synchrotron source allows working with very little diffracting matter while maintaining 

relatively short acquisition times which is mandatory for in situ measurements during continuous loading. The 

digital image correlation technique – DIC allows determining true strains (or macroscopic) applied to the 

sample.  Finally, electrical properties will be investigated through resistivity measurements with the strong 

support of a Pprime team working on TCO films such as ITO. Damaging will be observed using an optical 

microscope located above the sample surface. 

This research internship will focus on the development of electrical measurements during mechanical 

deformation of the sample and also of optical observations of the film surface. Beam time has been obtained 

through review panels by the end of November; 15 shifts (5 days) have been allocated for the first semester of 

2018. This project falls within the scope “surface mechanics and physics” of the Labex project named Interactifs 

and led by Poitiers University. 
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