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Abstract. We report the growth of epitaxial Pb(Zr0.54Ti0.46)O3 (PZT) thin films on yttria-
stabilized zirconia buffered silicon substrates by pulsed laser deposition. We demonstrate a full 
in plane epitaxy of the buffer layer, showing a RMS roughness of less than 0.3 nm for a 120 
nm thick layer. This buffer layer allows the growth of fully (110) textured oxide conducting 
SrRuO3 and subsequent functional oxide layers. Here the Pb(Zr,Ti)O3 oxide was chosen to 
demonstrate its possible integration in piezoelectric microelectromechanical systems on 
silicon. 

1.  Introduction 
High quality functional oxides are usually deposited on specific ceramic substrates such as SrTiO3 
(STO), LaAlO3, MgO, etc., which are expensive and not compatible with silicon-based semiconductor 
technologies or suitable for high frequency applications. Considerable efforts have been made to 
develop deposition processes of epitaxial functional oxides on Silicon substrate. 

Yttria-stabilized zirconia (YSZ) can be used as a buffer layer for the epitaxial growth of oxides on 
silicon substrates, such as YBa2Cu3O7-δ (YBCO) [1, 2], La0.7Sr0.3MnO3 (LSMO) [3,4], Pb(Zr,Ti)O3 
(PZT) [5]. Here we present results obtained by using YSZ buffer layers on silicon for improved 
piezoelectric PZT thin films by pulsed laser deposition (PLD). To avoid dielectric constant reduction, 
serious fatigue degradation and blocking contact as commonly observed when using noble metal (Pt) 
electrodes [6], we considered the SrRuO3 (SRO) oxide as epitaxial conducting electrodes because of 
its lattice and chemistry match with PZT.  

2.  The YSZ buffer and SRO conductive electrode layers  
All layers were deposited in situ by PLD on silicon (001) substrates in a multitarget system without 
breaking the vacuum using a pulsed KrF excimer laser (λ = 248 nm). YSZ crystallises in a 5.139 Å 



 
 
 
 
 
 

cubic lattice. SRO is a pseudocubic perovskite with a pseudocubic lattice parameter of 3.93 Å 
(orthorhombic with Pbnm symmetry and lattice parameters a=5.567Å, b=5.5304Å and c=7.8446Å).  

 
Prior to deposition, the 10 × 10 mm2 Si substrates were ultrasonically degreased in acetone and 

alcohol without any removal of the native oxide. They were mounted on a heater block and heated 
radiantly. In order to avoid a further growth of the SiO2, the Si substrates were heated up to the 
deposition temperature at a residual pressure of 10-5 mbar. The pressure was increased to 10-4 mbar 
after 30 seconds of deposition of YSZ, which enabled to remove most of the native SiO2 layer by a 
chemical reaction with ZrO2 or Zr in vacuum during the first laser shots [7]. The epitaxy could then be 
established in spite of the primitive SiOx amorphous layer. The YSZ deposition temperature was fixed 
to 700°C, the laser pulses and energy at 3 Hz and 220 mJ, respectively. In these optimized deposition 
conditions, (001) oriented YSZ films were obtained (figure 1). They showed rocking curves full width 
at half maxima (FWHM) of the YSZ (002) peak of 0.6°.  
 

 
The in-plane epitaxial relationships of the YSZ films have been investigated by ϕ-scan XRD 

patterns (figure 2). We have considered the {224} families of planes for silicon, and the {024} for 
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Figure 1. X-ray diffraction patterns in the 
θ−2θ configuration of SRO / YSZ layers on a 
silicon (001) substrate. 

Figure 2. ϕ-scan diffraction patterns of the YSZ 
{024} and Si {224} families of plane. 

 

 

 

Figure 3. 5 × 5 µm2 AFM images in 
tapping mode of a 120 nm thick YSZ 
layer on Si (001). RMS roughness: 
0.291 nm. 

 Figure 4. Resistivity versus temperature characteristics 
(lines) of 30 nm thick SRO films deposited on YSZ/Si and on 
STO (001) substrates as a reference. The derivatives are 
plotted on the right axis (scatter). 



 
 
 
 
 
 

YSZ. The ϕ-scan XRD patterns were recorded with the rotation angle ϕ parallel to the [001] direction 
of each material. As shown in Fig. 2, the shifting by 45° between the YSZ {024} and Si {224} 
families of planes indicates the overlap of all the directions with the same (hkl) indices (YSZ [100]//Si 
[100] for example). YSZ layers therefore showed a full in-plane epitaxy with a cube on cube 
alignment with respect to the Si substrate. Finally, YSZ buffer layers showed a low rms roughness of 
0.291 nm, calculated with the AFM data presented figure 3. 

 The perovskite structure, the compatible lattice parameter, the high conductivity and the chemical 
compatibility of SRO made it a great candidate for conducting electrodes [8]. SRO was deposited by 
PLD at 700 °C, 2 Hz and 170 mJ in an oxygen pressure of 0.2 mbar. Typical layers are 20-80 nm thick 
for 1000-3000 laser pulses.  

XRD patterns of the SRO/YSZ bilayer on Si (001) are shown in figure 1 and demonstrate a high 
degree of crystallinity of the (110) single orientation. Corresponding rocking curves give 0.7° mean 
dispersion of the growth axis (FWHM) for the SRO film, which is close to the value of 0.6° obtained 
for the YSZ film.  

The electrical behavior of the SRO electrode was checked through the resistivity vs. temperature 
four point measurements shown in figure 4. As a comparison the characterization of an equivalent film 
deposited on STO (001) is also shown. Both films show metal-like behavior and resistivity values at 
ambient temperature are state of the art [8]: 360 and 1000 µΩ.cm for the film grown on STO and Si 
respectively.  

3.  PZT films 
PZ0.54T0.46 films were grown on the SRO/YSZ bilayer at 600°C, 5Hz, with 200 mJ laser pulses in 
different O2 atmospheres ranging from 0.05 to 0.5 mbar. Due to Pb loss during the PLD process [9], a 
10% PbO enriched target was used. The a and c lattice parameters of PZ0.52T0.48 are 4.036 and 4.146 Å 
respectively so that the lattice mismatch with SRO is fairly small (~2.7 %). 

 

 
XRD diffraction results are presented figures 5 and 6. All films were fully (110) oriented, growing 

accordingly with the SRO electrode layer. Best results were obtained at the lower deposition pressure 
(0.05 mbar) as shown in table 1 below. Moreover, the less crystallized 0.5 mbar film displays parasitic 
micrograins on AFM scans. The low dispersion of results indicates that PZT are robust to deposition 
conditions, which is favorable for future applications.  
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Figure 5. X-ray diffraction patterns in the 
θ−2θ configuration of PZT/SRO/YSZ layers on Si 
for different oxygen pressure. 

     Figure 6. Corresponding rocking curves 



 
 
 
 
 
 

 

Table 1. Rocking curve FWHM of the films at different oxygen deposition 
pressures 

 

P(mbar) YSZ SRO PZT 

0.05 1.2 1 1.7 

0.1 1.8 1.4 1.8 

0.2 1.2 1 1.8 

0.5 1.4 1.2 2.1 

 

4.  Conclusion & perspectives 
 
Epitaxial SRO/YSZ bilayers were grown by PLD on silicon (001) substrates. Both films type showed 
excellent crystalline properties and SRO exhibited a fully metal-like behavior. 

This bilayer constitutes a very versatile building block for further functional oxide deposition. We 
showed that fully oriented (110) PZT could be grown on top of it. Further work has now to be 
conducted for the use of these layers in microelectromechanical and nanoelectromechanical devices 
[10]. 
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