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Insulator and piezoelectric thin films were deposited on titanium substrate, and characterized for application in tough MEMS 

tactile sensors. The titanium substrate was polished by buffing before the deposition of the thin films. An Al2O3 thin film was 
deposited as an insulator and showed good insulation characteristics on the polished titanium substrate. Piezoelectric BiFeO3 thin 
films were prepared by RF sputtering. The XRD pattern of the BiFeO3 thin film on the titanium substrate shows the presence of 
the ferroelectric phase. The polarization-electric field curve also shows a ferroelectric hysteresis loop. The results show that 
insulator and piezoelectric thin film can be formed on titanium substrate. 
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1. Introduction 

In recent years, the surface texture of products such as 
automobiles and electric appliances has become increasingly 
important as a design consideration for value addition. Therefore, 
there is an increased demand for tactile sensors, which can 
quantitatively detect surface textures. In our previous reports, we 
have proposed a method for the characterization of surface texture, 
which involves the active touching (pushing and sliding) of the 
tactile sensor, using silicon microcantilevers with strain gauges, 
or piezoelectric thin films fabricated on a silicon substrate, and 
embedded in PDMS(1)-(4). However, the sensor described in the 
previous report has a low tolerance for excess force or resonant 
vibration, because silicon is a brittle material. Thus, Si sensors 
have some issues, Ti is focused as an attractive material for 
MEMS because of its higher fracture toughness, biocompatibility, 
and anti-corrosion characteristics as compared Si(5). We have 
reported a micromachining process for titanium using reactive ion 
etching(6)(7). Hence, titanium is a better choice of material for 
microcantilevers instead of silicon, in order to fabricate tougher 
devices, which are able to withstand excess force and vibration. 
Nevertheless, although titanium has these interesting characteristics, 
the study of the application of titanium to MEMS devices has not 
advanced much because it is hard to make stable insulator films, 
as is possible with silicon. 

This letter describes the deposition of insulator and piezoelectric 
thin films on titanium substrates and their electrical characterization 
for tough tactile sensors. 

2. Experimental 

The titanium substrate was first polished by buffing and then an 

Al2O3 insulator thin film was deposited on it by metal organic 
deposition (MOD). Al2O3 has a coefficient of thermal expansion 
similar to that of titanium, which helps in the reduction of thermal 
stress. The precursor solution for Al2O3 (Al-03-P, Kojundo) was 
spin-coated on the titanium substrate at 1000 rpm for 20 s, followed 
by drying at 200°C for 10 min. This process was repeated thrice. 
Finally, the sample was annealed in an O2 atmosphere at 500°C for 
1 h. The thickness of the Al2O3 thin film was 100 nm. The insulation 
characteristics of the deposited thin film were characterized by 
current-voltage (I-V) measurements.  

SrRuO3/Pt/Ti and BiFeO3 thin films were successively deposited 
as the bottom electrode and piezoelectric material respectively, on 
a Ti substrate by RF sputtering. The detailed sputtering conditions 
are shown in Table 1. The SrRuO3 thin film, whose lattice constant 
matches that of BiFeO3, was used as a buffer layer to improve the 
crystalline structure and electric characteristics. Furthermore, we 
have compared BiFeO3 films deposited on titanium and silicon 
substrates under the same conditions by X-ray diffraction (XRD) 
and polarization-electric field (P-E) curves. 

3. Results and Discussion 

3.1 Polishing of the Titanium Substrates and 
Characterization of Al2O3 Thin Films    Fig. 1 shows the 
surface profiles and images of the titanium substrate before and 
after polishing. The arithmetic average roughness (Ra) values of 
the titanium substrate before and after polishing are 0.57 m and 
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Table 1.  Sputtering conditions. 
 BiFeO3 SrRuO3 Pt Ti 

Thickness 300 nm 80 nm 90 nm 10 nm 

Back pressure 3×10-4 Pa 

T-S distance 10 cm 

RF power 300 W 100 W 

Deposition time 60 min 45 min 10 min 3min 

Rotation speed 15 rpm 

Substrate temperature 500 °C 600 °C  RT 

Deposition pressure 0.6 Pa 0.8 Pa 
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0.04 m (reduced 1/14 roughness), respectively. Moreover, it can 
be seen from the images in Fig. 1 that the polished sample has a 
mirror finish. Fig. 2 shows I-V characteristics of the Al2O3 film 
deposited on titanium, with and without polishing, and on silicon 
substrates. It is found that the Al2O3 film on the non-polished 
titanium substrate is very leaky in terms of its dielectric 
properties. On the other hand, the leakage current density through 
Al2O3 on polished titanium was 0.002 A/cm2 at an electric field 
of −500 kV/cm, resulting in a resistivity of 2.5×109 cm. It is 
demonstrated that satisfactory insulation characteristics can be 
obtained from Al2O3 deposited on polished titanium substrate. 

3.2 Characterization of BiFeO3 Thin Films on Titanium 
Substrates    Fig. 3 shows the XRD patterns of BiFeO3 thin 
films deposited on titanium and silicon substrates. The XRD 
pattern of BiFeO3 deposited on the titanium substrate shows 
smaller peaks than that deposited on the silicon substrate. It is 
believed that the surface roughness of titanium is higher than 
that of silicon, which has a surface roughness of several nm. 
Furthermore, BiFeO3 deposited on the silicon substrate exhibits 
sharp peaks corresponding to the (100) and (110) planes of the 
BiFeO3 ferroelectric crystal phase. On the other hand, the BiFeO3 
thin film on titanium only shows the (110) peak, while the (100) 
peak is very small. Therefore, it appears that the crystallization of 
the BiFeO3 thin film on the titanium substrate is different from 
that on the silicon substrate. Fig. 4 shows the P-E curves of the 

BiFeO3 thin films deposited on titanium and silicon. The 
hysteresis loop is clearly observed in the case of BiFeO3 deposited 
on the titanium substrate. However, the remnant polarization 
(polarization after the removal of the electric field) of BiFeO3 on 
the titanium substrate is only 2Pr = 14 C/cm2, which is much lower 
than that of BiFeO3 on the silicon substrate (2Pr = 218 C/cm2)(4). 
This difference may be caused by the non-uniform electric field 
distribution resulting from the surface roughness and lower 
crystallinity of BiFeO3 and Pt on titanium than that on a silicon 
substrate, as shown in Fig. 3. 

4. Conclusion 

Al2O3 and BiFeO3 thin films were deposited on a titanium 
substrate and characterized for application in tough MEMS tactile 
sensors. The surface of polished titanium has a mirror-like finish and 
an arithmetic average roughness of 0.04 m. Sufficient insulation 
characteristics are obtained with an Al2O3 thin film deposited on the 
polished titanium substrate. The BiFeO3 thin film deposited on the 
titanium substrate shows a peak corresponding to the ferroelectric 
crystalline phase. Moreover, we can observe the ferroelectric 
property of the BiFeO3 thin film on the titanium substrate. Therefore, 
it is demonstrated that insulator and piezoelectric thin films can be 
formed on a titanium substrate for MEMS devices, including a 
tactile sensor. 
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Fig. 1.  The surface profiles and images of polished 
and unpolished titanium substrate. 
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Fig. 2.  Leakage current of Al2O3 thin film deposited 
on silicon and titanium substrates. 
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Fig. 3.  XRD patterns of BiFeO3 thin films on Ti and 
Si substrates. 
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Fig. 4.  P-E curves of BiFeO3 thin film deposited on 
titanium substrates. 


