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Development of new generation conductive transparent oxide materials 

 by atomic layer deposition (ALD) 
 
 

 
 The CIMAP's NIMPH (Integrated Nanostructures for Microelectronics and Photonics) team is specialized in the 
deposition of semiconductor thin films based on silicon or transparent conductive oxide, doped or not with rare earth 
ions. This team is recognized nationally and internationally for its know-how in the field of thin films, hence it participates 
and coordinates several contracts related to microelectronics, photonics and energy, with applications such as transistor 
gate materials, waveguide amplifiers, LEDs, photovoltaics and thermal applications. 
 
 In the framework of regional, national and/or international projects, the CIMAP laboratory's NIMPH team 
develops new innovative layers for different applications based on RF magnetron sputtering deposition. Since the last 
two years, a new layer deposition technique has been developed in our team by Atomic Layer Deposition (ALD). The 
majority of ALD reactions are based on reactions of two chemicals, called precursors. Those precursors react with the 
surface of a material one at a time, sequentially and spontaneously (involving irreversible and saturated reactions) 
resulting in a self-limiting process. Through repeated exposure to separate precursors, a thin film is slowly grown. This 
characteristic allows the deposition of uniform films on large surfaces and on complex 3D architectures (particles, 
nanotubes, ...). ALD is a key process in the manufacture of thin-film materials over a large area and with a very large 
aspect ratio (> 2000:1). 
 
 
 The objective of this thesis is to deposit by ALD ("Atomic Layer Deposition"), innovative materials for the 
optoelectronics industry in the field of new generation transparent conductive oxides (TCO). These new generation TCO 
films based on transition metal oxide perovskite materials in the vicinity of the Mott transition are characterized by a 
plasma energy shifted towards high energies (1.75eV vs. 0.77eV), a density of carrier typically ten times higher than the 
TCO of the older generation (some 10+22 cm-3 against some 10+21 cm-3). The proposed thesis will therefore focus on 
different areas of study such as the growth of materials, the structural and spectroscopic characterization of these 
deposited materials. 
 For growth, it will be necessary to determine the inherent parameters (pulse time, growth temperature, purge 
time, number of precursor cycles for deposit kinetics, etc.) to the ALD technique for obtaining films having the required 
optoelectronic properties. The characterization techniques used will cover the domains of microstructure (AFM, electron 
microscopy, RX), electronics (IV, CV, photocurrent) and optics (ellipsometry, IR absorption, FTIR spectroscopy, RAMAN, 
photoluminescence ...) to know the physical and spectroscopic properties of those thin layers. 
 
 
 The candidate must have a background in solid-state physics or physics and chemistry. Particular attention will 
be paid to candidates who will have some knowledge in the experimental techniques mentioned above. 
 

 
 
 

Start: Autumn 2019 
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