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Plasma Deposited Yttria stabilized Zirconia thin films for solid oxide fuel cells
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Yttria-stabilized-Zirconia (YSZ) has found a large number of applications in automotive

industry, electroceramics and biomedicine as a material presenting excellent

mechanical and thermal properties. The material has attracted particular attention for its

application as electrolyte in Solid Oxide Fuel Cells (SOFCs) due to its high conductivity

in oxygen ions over a wide range of temperatures, mechanical strength, hardness and

chemical inertness in a reaction environment. Several techniques as thermal CVD,

Plasma Enhanced CVD, sputtering and electron beam have been tested for the

preparation of thin zirconia films. Among these techniques, PECVD presents important

advantages for the uniform deposition of dense materials under relatively low

temperatures and the flexibility of choice of precursors from a large number of

metallorganic or inorganic gas precursors. In this work, we present the development of

a Plasma Enhanced CVD process of YSZ thin films through mixtures of Y and Zr

metallorganic precursors with oxygen. Special attention has been given to the choice of

the precursors as most of the Y and Zr metallorganic compounds are thermally

unstable and are easily oxidized at rising temperatures. The basic aim of this

investigation was the deposition of dense thin films, with 8 to 12 % of Y in Zr in the

cubic structure. The deposition process was developed in two different plasma reactors

- one Inductively Coupled and one Capacitively Coupled - in order to compare the most

suitable configuration for this process. The materials were deposited on glass

substrates, Ni-ΥSΖ cermet and metal foams at low substrate temperatures (< 200 

o

C).

Scanning electron microscopy and Atomic Force microscopy was applied for the

determination of the surface topography, while X-ray photoelectron spectroscopy and

X-ray diffraction were used for the determination of film chemical composition and

structure. The physicochemical characterization of the deposited materials has shown

characteristic nanostructures that are strongly affected by the variation of plasma

parameters (power, pressure). In addition, it was shown that, by correctly tuning the

plasma parameters and the precursor vapor mixture, it is feasible to achieve the

desired atomic fraction of Y in Zr. Finally, the results concerning the structure and ionic

conductivity of the films deposited with both configurations are discussed in the

perspective of potential implementation of these materials in fuel cell devices.
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