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Abstract—Lead zirconate titanate Pb(Zr,Ti)O3 (PZT) is a
well know ferroelectric material with excellent piezoelectric
properties, namely large piezoelectric coefficients, low leakage
current and reliable performance, which makes it very suitable
as an actuator material in Micro-ElectroMechanical Systems
(MEMS). The performance of piezoelectric MEMS is, however,
strongly dependent on the film quality. In the present work, the
epitaxial growth of PZT is desired as it can help to reduce high-
frequency losses, to allow for larger electromechanical coupling
and to increase the final device sensitivity. We used an
epitaxially grown conductive oxide bottom electrode, namely 45
nm thick Laz3Sr13MnOs; (LSMO) films, deposited on SrTiOs
buffered (001) silicon substrates using a combination of pulsed
laser deposition and reactive molecular beam epitaxy
techniques. The 500 nm thick c-axis oriented PZT layers were
deposited at 600°C by magnetron sputtering on the LSMO
films on STO/Si (001). The piezoelectric and ferroelectric
properties of the PZT layers were studied by PiezoForce
Microscopy on as-grown PZT films and Polarization versus
Electric field measurements on samples covered with Pt top
electrodes. The PZT films exhibited good piezoelectric and
ferroelectric properties with a remanent polarization higher
than 20 pC-cm2, which makes them suitable for the fabrication
of piezoelectric MEMS based on doubly-clamped LSMO
suspended structures.

Keywords—Epitaxial PZT; piezoelectric MEMS; Oxide
electrodes; PFM
I. INTRODUCTION

Micro-ElectroMechanical ~ systems (MEMS) are
micrometer devices with movable parts fabricated through
microtechnology tools and are widely used in various sensors
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and actuators applications. Lay3Sr;sMnO3 (LSMO) presents
a ferromagnetic-to-paramagnetic transition at about 360 K
that is accompanied by a metal-to-insulator transition above
room temperature, which is very promising for uncooled
sensors, such as anisotropic magnetoresistances [1] or
infrared bolometers [2]. In addition, the high sensitivity of
epitaxial oxides to strain, hence to mechanical effects, makes
these materials promising and encourage us to investigate the
potentialities of LSMO based MEMS resonators [3].

The objective of the present paper is to demonstrate the
integration of c-axis oriented Pb(Zr,Ti)Os (PZT) thin films
on LSMO/SrTiO3(STO)/Si free-standing doubly-clamped
structures. Epitaxial growth of PZT is required in order to
allow lower voltage actuation and higher sensitivity
detection, through inverse and direct piezoelectric effects,
due to the larger electro-mechanical coupling than those
obtained with polycrystalline films [4]. Besides epitaxy, the
integration of PZT on a conductive oxide electrode is
expected to provide better fatigue performances and
suppression of dead-layers in the PZT film [5][6][7], leading
to long-lasting final devices. During polarization cycles, the
interface between PZT and LSMO, with its characteristic of a
wide bandgap p-type semiconductor, is free of charge
accumulation, such that, with no carrier injection leading to
accumulation of O, vacancies [8][9], the fatigue problems are
expected to be further minimized [10][11].

After a brief description of the experimental methods in
section II, we will present the structural and morphological
properties of the deposited layers in section III and the
electrical properties in section IV. Conclusions are given in
section V.



II. EXPERIMENTAL METHODS

A. Thin film deposition

The PZT/LSMO/STO/Si heterostructures were obtained
thanks to the successive use of 3 different deposition
methods. First 20 nm thick STO layers were deposited by
molecular-beam epitaxy on 3-inch (001) silicon wafers
following the same process as reported previously [12]. STO
covered Si wafers were cut into 10 x 10 mm? squares and
about 2 nm thick STO followed by 45 nm thick LSMO films
were deposited by pulsed laser deposition at 750°C and 20 Pa
of Os.

We selected the chemical composition Zr:Ti=52:48 of
PZT, since it exhibits the material’s largest piezoelectric
coefficient, near the so called morphotropic phase boundary.
500 nm thick PZT thin films were deposited on the
LSMO/STO/Si samples in a muti-target RF magnetron
sputtering system from 3 metallic targets using power during
deposition of Pb: 0.7 W-em?/ Zr: 2.7 W-cm?/ Ti: 3.3
W-cm?), in a pressure of 0.7 Pa of 90% Ar / 10% O,
atmosphere at 600°C.

B. Characterization methods

The crystallinity of the samples was characterized by
performing X-ray diffraction (XRD) measurements in 6-20
configuration as well as rocking curves around the 002 peak
of PZT, where the full-width at half-maximum (FWHM) of
the peak could be estimated. The data were collected using a
PANalytical X'Pert PRO diffractometer with Cu-K,
radiation.

Atomic Force Microscopy (AFM) measurements using a
Nano-Observer system from Concept Scientific Instruments
were performed to characterize the surface morphology of
the films in resonant mode with standard Al-coated Si probes
showing nominal resonant frequency of 300 kHz. In addition
Piezoresponse Force Microscopy (PFM) employing doped
diamond probes with an elastic constant of about 2.8 N-m"!
was used to investigated the piezoelectric properties of the
as-grown PZT films on LSMO/STO/Si (001).

Pt layers were finally deposited on the PZT films by
sputtering at room temperature and patterned using a lift-off
process in order to design top electrodes of 250 x 250 um?
size and to perform polarization hysteresis (P — E) loop
measurements using a Sawyer-Tower (ST) circuit, driven by
a sine wave of amplitude 20 V and frequency 500 kHz. The
capacitors were contacted on a Suss MicroTec PMS5 probe
station. A standard capacitor Cy of 22 pF serving as a charge
holder, was used during the hysteresis measurements.

III. STRUCTURAL AND MORPHOLOGICAL PROPERTIES

The epitaxial growth of LSMO and PZT on STO/Si was
confirmed by XRD, as shown in the 6-20 scan of Fig. 1,
where the 00/ peaks of the aforementioned layers were
observed. No parasitic phases of the PZT were observed. The
FWHM of the rocking curve around the 002 peak of PZT
presented in Fig. 2 was equal to 0.35°, confirming the high
structural quality of the deposited layers.

The 2 x 2 um? AFM images of LSMO and PZT layers are
presented in Fig. 3. Both LSMO and PZT showed smooth
surfaces. LSMO and PZT rms roughness was equal to 0.3 +
0.04 nm and 1 + 0.1 nm, respectively.
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Fig. 1. X-Ray Diffraction 0-20 scan of epitaxial PZT/LSMO/STO/Si
heterostructure showing the 00/ peaks of all layers.
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Fig. 2. Rocking curve (o-scan) around the 002 peak of PZT showing a
FWHM of 0.35°.

IV. ELECTRICAL PROPERTIES

The piezoelectric and ferroelectric properties were first
characterized by PFM measurements through the creation of
artificial domains by poling a 5 x 5 um? surface through a
scanning with +10V dc voltage applied on the cantilever tip
(domain down), followed by -10V dc voltage to reverse the
piezoelectric dipoles in a 2 x 2 pm? surface central area
(domain up). The out-of-plane piezoelectric response was
then collected with a 4 V ac drive voltage at 330 kHz in a 15
x 15 pum? scan. As exhibited in Fig. 4, the poling was
uniformly and completely achieved. The two stable states of
polarization were maintained showing good ferroelectric
properties of the deposited PZT film at low voltage
compatible with a final MEMS device actuation.



(b)

Fig. 3. AFM images of (a) 2 x 2 um? sacn of the 45 nm thick LSMO layer
on STO/Si (001) and (b) 5 x 5 um? sacn of the 500 nm thick PZT layer on
LSMO/STO/Si (001).

Fig. 4. 15x15 pm? phase image in PFM mode for a 500 nm thick PZT film
deposited by sputtering at 600 °C. Squares of 2x2 um?and 5x5 pm? size
were first written with -10 V and +10 V tip voltage, respectively.

Spectroscopy measurements during which the area
underneath the PFM tip is switched between -10 V and +10
V and back were performed inside the previously polarized
area in order to acquire series of hysteresis loops using the
same tip as used for imaging. The displacement versus
applied voltage was measured with a drive voltage of 5 V
and is displayed in Fig. 5. We could observe the typical
butterfly-shaped curves measured in piezoelectric materials
showing ferroelectric switching effect.
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Fig. 5. The typical displacement versus tip voltage curve measured with a
drive voltage of 5 V

The macroscopic polarization hysteresis curves, P(E), of
the PZT films were performed on samples with top Pt
electrodes. A decentralized cycle in the x axis was observed
due to the different top and bottom electrode materials,
being Pt and LSMO, respectively. The cycle exhibited a low
coercive field and remanent polarization of about 22 pnC-cm
2, in accordance with typical values found in the literature
[13] indicating excellent ferroelectric properties.
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Fig. 6. Polarization versus electric field hysteresis loop measured with
bottom LSMO electrodes and top Pt electrodes.

V. CONCLUSIONS

The successful integration of c-axis PZT deposited by
magnetron sputtering at 600°C on LSMO/STO/Si was
confirmed by XRD showing the 00/ peaks of the PZT layer,
as well as those of LSMO and STO with FWHM of the
rocking curve around the 002 peak of PZT equal to 0.35°.



The artificial domains created by PFM were stable for
several hours. The PFM displacement versus tip voltage
curves showed the typical butterfly-shaped curves measured
in piezoelectric materials showing ferroelectric switching
effect and P(E) curves have exhibited good electrical
properties, overall showing that these PZT thin films can be
used for MEMS actuation.

These PZT layers will now be integrated in suspended
LSMO bridges using a combination of ion beam etching in
argon and reactive ion etching in SFs gas using a fabrication
process adapted from [14].
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