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ABSTRACT 

We have succeeded in enhancing the piezoelectric 
property of lead zirconate titanate (PZT) thin films by 
employing “pulse poling” technique. We have fabricated 
MEMS-based microcantilevers using Pb(Zr0.52,Ti0.48)O3 
(MPB-PZT) thin films. By applying 1 kHz and 100 V of 
unipolar triangle pulse voltage, the transverse piezoelectric 
constant -d31 of the PZT thin film has been enhanced as 
high as 105 pm/V, which is larger than the dc-poled PZT 
thin films (78 pm/V). The -d31 of pulse-poled the PZT thin 
films measured under the unipolar actuation at 0-12 V 
reaches 158 pm/V. The results indicate that only 1 second 
of pulse poling gives better piezoelectric property of the 
PZT thin films compared to  several minutes of dc poling.   

 
INTRODUCTION 

Morphotropic phase boundary composition lead 
zirconate titanate (Pb(Zr0.52,Ti0.48)O3, MPB-PZT) thin films 
are used as actuators for inkjet heads [1], optical 
microscanners [2], RF-switches [3], electric field sensors 
[4] and so on. PZT thin films usually need several minutes 
of dc voltage (10-20 V/μm) application for activation, 
which can be called as dc poling. However, such a several 
minutes of dc poling reduce the throughput of device 
fabrication. One of the promising solution for reducing 
the poling time is “pulse poling”, where pulse voltage 
with higher electric field than dc voltage is applied. 
Recently, we have demonstrate that the pulse poling 
enhance the piezoelectric property of tetragonal 
composition Pb(Zr0.3,Ti0.7)O3 thin films [5,6]. Then, in the 
present study, we have employed the pulse poling to 
MPB-PZT thin films.  
  
MICROCANTILEVER FABRICATION 

We have prepared 1.9-μm-thick MPB-PZT thin films 
with (001)/(100) orientation by sol-gel deposition [7]. 
Commercially available PZT solution (PZT-20,Kojundo 
Chemical Co., Saitama, Japan) with a Pb/Ti/Zr molar ratio 
of 120/52/48 was deposited by spin coating. Then, the 
as-deposited films were heated at 250°C for 5 min. on a 
hot plate and crystallized by rapid thermal annealing 
(RTA) at 650°C for 2min. The ramping rate for RTA is 
100°C /sec.  

We have fabricated piezoelectric microcantilevers 
using MPB-PZT thin films through MEMS 
microfabrication process, which is just the same as that 
reported in our previous study [5]. Figure 1 shows the 
MEMS microfabrication process. The process began from 
Pt/Ti/PZT/Pt/Ti/SiO2 multilayer deposition on

 

silicon-on-insulator (SOI) wafers with a 10-μm-thick 
structural Si layer. The SOI wafers, at first, were oxidized 
at 1100°C. After the oxidation, Pt (0.1 μm)/Ti (0.05 μm) 
thin films as a bottom electrode were deposited by DC 
magnetron sputtering. Then, 1.9-μm-thick MPB-PZT thin 
films were formed by sol-gel deposition as described 
above. Finally, Pt (0.15 μm)/Ti (0.05 μm) thin films were 

deposited by DC magnetron sputtering.  
The obtained multilayers were etched by dry and wet 

etching to form microcantilevers. Through mask 1, Pt/Ti 
thin films as a top electrode were etched using Ar ions to 
determine the top electrodes. Through mask 2, PZT thin 
films were wet-etched using a mixture of HF, HNO3 and 
HCl. Through mask 3, Pt/Ti thin films as a bottom 
electrode were etched using Ar ions and thermal SiO2 thin 
films were etched by reactive ion etching (RIE) with 
CHF3 gas to pattern bottom electrodes. Through mask 4, 
structural Si and buried oxide (BOX) layers were etched 
by RIE with SF6 (for Si) and CHF3 (for BOX) gases. 
Finally, Si substrates and BOX were etched from their 
back surface to form the piezoelectric microcantilevers. 
The fabricated microcantilevers are 1.1 mm long, 300 μm 
wide and 10 μm thick, respectively. Figure 2 shows the 4 
inch wafer after whole microfabrication process.  

 

 
 
Figure 1: MEMS microfabrication process for 
piezoelectric microcantilevers.  
 
 
 

 
 
Figure 2: Photograph of 4 inch wafer after whole MEMS 
microfabrication process.  
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Figure 3: Waveforms of voltage for (a) dc poling and (b) 
unipolar pulse poling. The poling direction was 
downward for both cases.   

The MPB-PZT thin films on the fabricated 
microcantilevers were poled by applying dc and unipolar 
triangle pulse voltage as shown in figures 3(a,b). The top 
and bottom electrodes were connected to signal and 
ground lines, respectively. The dc voltage was 20 V, 
which means that the poling direction is downward. For 
pulse poling, positive intermittent triangle waves of 
40-100 V and 1 kHz were applied 10 times. The poling 
direction is also downward.  
 
RESULTS 

The MPB-PZT thin films on the fabricated 
microcantilevers were poled by applying dc and unipolar 
triangle pulse voltage as shown in figures 2(a,b). The top 
and bottom electrodes were connected to signal and 
ground lines, respectively. The dc voltage was 20 V, 
which means that the poling direction is downward. For 
pulse poling, positive intermittent triangle waves of 
40-100 V and 1 kHz were applied 10 times. The poling 
direction is also downward. In order to estimate the 
transverse piezoelectric constant d31, the tip displacement 
of the microcantilevers was measured. We have estimated 
the piezoelectric constant d31 using the following 
equations [8],  ߜ ൌ ଷ஺஻௄ ݀ଷଵܮଶܸ 

    (1), 

ܣ ൌ ଵଵS୧ݏ ଵଵS୧ݏଵଵPZT൫ݏ PZTݐ ൅ ,S୧൯   (2)ݐଵଵPZTݏ
 

ܤ ൌ S୧ݐS୧ሺݐ ൅ PZTሻݐ ൫ݏଵଵS୧ PZTݐ ൅ ⁄S୧൯ݐଵଵPZTݏ   (3), 
ܭ  ൌ൫ݏଵଵS୧ ൯ଶݐPZTସ ൅ ଵଵS୧ݏ4 PZTଷݐS୧ݐଵଵPZTݏ ൅ ଵଵS୧ݏ6 PZTଶݐS୧ଶݐଵଵPZTݏ ൅4ݏଵଵS୧ PZTݐS୧ଷݐଵଵPZTݏ ൅ ሺݏଵଵPZTሻଶݐS୧ସ (4),  

where s11, t, and L are compliance of Si (5.9 x 10-12 GPa-1) 
and PZT (1.4 x 10-11 GPa-1), thickness of Si (10 μm) and 
PZT (1.9 μm), length of the microcantilevers (1.1 mm), 

respectively. V is applied voltage to actuate the 
microcantilevers. In the present study, V was 1-3 Vpp for 
small displacement measurement under bipolar actuation 
and 0 to 2-12 V for large displacement one under unipolar 

 
Figure 4: Piezoelectric constant -d31 as a function of 
poling voltage measured under (a) bipolar actuation at 
1-3 Vpp and (b) unipolar actuation at 2-12 V. 
  
actuation, where frequency was 800 Hz. The tip 
displacement was measured by laser displacement meter。 
We have estimated the d31 of PZT thin films dc and 
pulse-poled at 20 V and 40-100 V.  

Figure 4(a) shows the estimated -d31 values as a 
function of dc and pulse poling voltage measured under 
bipolar actuation at 1-3 Vpp. The -d31 of dc-poled PZT thin 
films is 78 pm/V, while that of pulse-poled PZT thin films 
exceeds 100 pm/V. The results indicate that only 1 second 
of pulse poling gives larger piezoelectric constant than 
several minutes of dc poling. Figure 4(b) shows -d31 
values as a function of pulse poling voltage measured 
under unipolar actuation at 2-12 V. The larger actuation 
voltage resulted in the larger piezoelectric constant -d31. 
The highest -d31 is as high as 158 pm/V. Note that the 
dependence on pulse poling voltage is different for 
actuation voltage: the -d31 reaches its maximum at the 
pulse poling voltage of 100 V for 2 and 4 V actuation, 
while at the pulse poling voltage of 80 V for 6, 8 and 12 V 
actuation.  
 
DISCUSSION 

In the following, we discuss the difference in the 
dependence on pulse poling voltage. It is well known that 
the piezoelectric response of PZT thin films is a 
summation of intrinsic and extrinsic contribution. The 
former originate from the piezoelectric response of single 
domains, and the latter from the domain wall motion. 
Since the coercive voltage of the present PZT thin films is 
7 V, the d31 measured at 2 V originate from intrinsic 
contribution, while that measured at 12 V from both 
intrinsic and extrinsic contributions. Therefore, we 
assume that the piezoelectric constant measured at 12 V 
d31,12V is expressed as follows,   ݀ଷଵ,ଵଶ௏ ൌ ݀ଷଵ,ଶ௏ ൅ ሺ݀ଷଵ,ଵଶ௏ି݀ଷଵ,ଶ௏ሻ  (5), 

1099



 
Figure 5: XRD patterns of the PZT thin films pulse-poled 
at 40-100 V around PZT(004)/(400) peak.  
 
Table 1: d31,12V, d31,2V, d31,12V-d31,2V, V(001) and V(100) of PZT 
thin films pulse-poled at 40-100 V 

 
 

where d31,2V is that measured at 2 V. In equation (5), the 
first term corresponds to the intrinsic piezoelectric effect, 
and the second term to the extrinsic piezoelectric effect.  

As described above, the present PZT thin films consist 
of (001) and (100) oriented domain. The intrinsic 
piezoelectric effect is related to lattice distortion of (001) 
domain, while the extrinsic one to switching of (100) 
domain to (001) domain. Thus, we have investigated the 
degree of (001) and (100) orientation of the PZT thin films 
by using X-ray diffractometry (XRD). Figure 5 shows 
XRD patterns of PZT thin films around PZT(004)/(400) 
peak. From the XRD pattern, we have estimated the degree 
of (001) and (100) orientation V(001) and V(100) by the 
pseudo-Voigt function fitting.  

Table 1 summarize d31,12V, d31,2V, d31,12V-d31,2V, V(001) 
and V(100) of PZT thin films pulse-poled at 40-100 V. The 
degree of (001) orientation V(001) increased with pulse 
poling voltage, which leads to the increase in the intrinsic 
contribution to piezoelectric constant d31,2V. On the other 
hand, the extrinsic contribution to piezoelectric constant 
d31,12V-d31,2V decrease with increasing pulse poling voltage. 
With increase in unipolar actuation voltage, the extrinsic 
contribution to the total piezoelectric constant becomes 
more dominant. Thus, the large decrease in V(100) occurred 
by 100 V of pulse poling have resulted in the lower d31,12V 
than that of the PZT thin films pulse-poled at 40-80 V.  

The other possibility of the lower d31,12V of the PZT thin 
films pulse-poled at 100 V is crack formation observed in 
the case of tetragonal composition PZT thin films [5,6]. 
Figures 6(a-d) show cross-sectional SEM images of the 
PZT thin films pulse-poled at 40-100 V. Only the PZT thin 
films pulse-poled at 100 V have crack which go along the 
thickness direction (shown by white arrow in the picture).  
In the present case, 14 similar cracks were observed in 300 
μm. The cracks may also lower the d31,12V of the PZT thin 
films pulse-poled at 100 V. As shown in the SEM images, 
the cracks go through along the small pores generated 
during PZT deposition. If the deposition conditions are 

 
 
Figure 6: Cross-sectional SEM images of the PZT thin 
films pulse-poled at 40-100 V.  

 
improved to reduce the generation of pores, the crack 
formation can be avoided. The improvement of the 
deposition condition is now underway.  

 
CONCLUSION 

In the present study, we have employed pulse poling to 
activate the MPB-PZT thin films on the MEMS-based 
microcantilevers. The transverse piezoelectric constant -d31 
of the PZT thin film, measured under the actuation 
condition of 1-3Vpp, has increased with pulse poling 
voltage and reached 105 pm/V at the pulse poling voltage 
of 100 V. While the -d31 measured under the unipolar 
actuation at 12V has reached its maximum (158 pm/V) at 
the pulse poling voltage of 80 V. Through XRD analysis, it 
has been turned out the that large decrease in V(100) 
occurred by 100 V of pulse poling has led to lower d31,12V 
than that of the PZT thin films pulse-poled at 40-80 V. 
Although the mechanism of the difference in the 
dependence on pulse poling voltage is not fully understood, 
the results indicate that only 1 second of pulse poling gives 
better piezoelectric property of the PZT thin films 
compared to  several minutes of dc poling.   
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