Phase diagrams and interfacial properties exploration
using combinatorial thin film synthesis
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Transition metal oxides with perovskite structure present a large panel of physical properties
driven by a subtle equilibrium of competing interactions between charges, spins and crystalline structure.
This results in an extreme sensitivity of physical properties to cationic substitutions, making desirable the
fine and systematic exploration of phase diagrams to identify the compounds presenting the most
interesting properties. During the 90s, a combinatorial synthesis aiming at producing samples with a
composition continuum was proposed to address this need. The idea was to use multi-target Pulsed Laser
Deposition (PLD) to synthetize films with lateral composition gradient. A single sample then allows to
characterise a complete solid solution. Although PLD is known to promote stoichiometric transfer from
the target to the film, it is a highly directional deposition technique. Consequently growing homogeneous
multi-cationic films from a single target in terms of thickness and composition is already challenging. The
control of a lateral composition gradient using several targets appears in turn as a very complex task.
Numerous work have unfortunately been published without demonstrating this control, leading to a not
totally undeserved scepticism within the community regarding Combinatorial PLD (CPLD).

We have revisited the CPLD synthesis concept, modified some aspects and developed some
others. In particular, a statistical approach to the compounds libraries characterisation was introduced,
which comforts its statements. We have set-up a pool of local physical, chemical and structural
characterisation technics allowing the reliable exploration of binary and ternary phase diagrams. Finally,
we have recently implemented the CPLD for the combinatorial exploration of heterostructures interfacial
properties. Various studies dealing with Ga-doped BiFeOs, the BaixCaxTi1ZryOs; system and the
La1SrxMn0Os/SrTiOs interface will illustrate the effectiveness of CPLD approach.
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Figure 1: Example of a combinatorial interface sample and its work function evolution vs interface composition.
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