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 1. Introduction - Due to high energy demands and increasing global warming effects, recent 

developments are motivated on providing alternative to fossil fuels that are sustainable and reliable. 

Hydrogen fuel is one of the top choices since it can be generated from an abundant water source with zero 
emission. Hydrogen production is made possible by using electrical energy to convert them to chemical 

energy via water or steam electrolysis reactions [1]. This is 

made possible through high-temperature solid oxide 

electrochemical cells (SOEC) devices. Splitting of water into 

hydrogen and oxygen molecules through durable and stability 

electrodes, and good transport mechanism within the electrolyte 

system (see Fig 1). The commonly used electrolyte is yttria 

stabilized zirconia (YSZ). However due to certain drawbacks, it 
is stabilized or co-doped with other materials such as scandia 

[3,4] in order to enhance the conductivity and improve the 

mechanical and structural stability at repetitive high operating 

temperature. Owing the development and evolution of SOECs 

to micro-sized devices [4], thin film components were 

developed via different deposition techniques. Among these 

methods, vapor phase deposition using pulsed laser deposition 

(PLD) is remarkable since it can produce electrolyte thin film in 
a simple manner yet providing high quality thin films with 

tunable microstructure by changing different deposition parameters [5]. Hence, in this study, ScYSZ thin 

films were prepared using PLD and the structural properties were investigated. 

 

 2. Experimental - In this study, ScYSZ thin films were prepared through laser ablation coming from 

target material. The target material was first prepared through SSR method, then pelletized and finally 

sintered. ScYSZ thin films were deposited on SiO2/Si substrate using Q-switched Nd3+:YAG laser 

(λ=266nm). Fig 2 shows the schematic illustration for the PLD process. The substrate deposition 
temperature was increased while maintaining constant oxygen background pressure of about 0.1Pa [7]. 

The effects of this parameter on the structural and morphological properties of ScYSZ thin films were 

investigated through X-

ray diffraction analysis 

(XRD) and scanning 

electron microscopy 

(SEM). Furthermore, 

the temperature-
dependent electrical 

conductivity test was 

performed also using 

AC impedance analyzer. 

 

  

3. Results and Discussion – Fig 3a shows the XRD pattern of the target material of ScYSZ pellet. On the 

other hand, Fig 3b shows the XRD spectra of the as-deposited thin films at increasing substrate 
temperature. An amorphous structure was observed at room temperature (25°C) and crystal growth was 

observed starting at 200°C, and more intense XRD peaks from 600°C to 800°C, significantly due to fully 

crystallized films. Similar to the previous studies [5,6] deposition of crystallized films is possible in PLD 

as low as 200°C.   
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Figure 3. a.) XRD spectra of the target and (b) of deposited ScYSZ thin films at various deposition temperature 

 

 
Figure 1. SOEC components and reaction 

mechanism involved for hydrogen conversion [2]. 

 

 
Figure 2. Schematics of PLD deposition technique  

 



 The XRD pattern in Fig 3 can be ascribed for cubic zirconia with ICDD# 00-078-1808. Meanwhile, the 

surface morphologies were investigated using SEM. The as-deposited ScYSZ thin films has dense 

microstructure with uniform and crack-free surface at increasing temperature. Furthermore, the 

temperature-dependent conductivity was presented in Fig 5. The bulk conductivity was calculated from 

the AC real impedance results and obtained σ = 3.51x10-1 Scm-1 measured for higher operating 

temperature at 700°C with activation energy of Ea = 1.1 eV. This conductivity is higher for pure YSZ 

with conductivity approx. 1x10-2 at 700°C [7]. 

 

4. Conclusions - ScYSZ thin film was successfully fabricated on 

SiO2/Si substrate using PLD. It was observed that the substrate 

deposition temperature has significant effect on the structural 

features of the deposited ScYSZ thin films. Crystal growth 

initiated at as low as 200°C, while the surface microstructure 

shows dense and crack-free films. Significant high bulk 

conductivity was measured for ScYSZ thin films viable as 

electrolyte for SOECs.  
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Figure 4. SEM images of ScYSZ thin films at various deposition temperature 

 

 

 
Figure 5. Temperature-dependent conductivity  

 


