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Abstract
PbZr0.52Ti0.48O3 thick films with thickness of 1–6 mm have been prepared by a polymer-assisted MOD process. The polymer, poly(vinyl

acetate) (PVAc) was introduced into PZT precursor solutions. The grain size increased from 30 nm to 100 nm with an increase of the additive

amount of PVAc. Meanwhile, the grains grew larger (in a range of 100–500 nm) and the surface of the films became rougher with increasing film

thickness. This promotes the structural relaxation and prevents cracking formation. The critical thickness at which the film begins to crack

increases significantly. The dielectric constant and remanent polarization (Pr) increased from 1070 to 1490 and from 36.1 mC/cm2 to 52.4 mC/cm2,

respectively, and the coercive field (Ec) decreased from 57.3 kV/cm to 41.3 kV/cm as the film thickness increased from 0.95 mm to 6.02 mm. PZT

thick films prepared in this study are promising materials for MEMS applications.
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1. Introduction

In recent years, the demands for miniaturized devices

integrated with microelectronics have been increased signifi-

cantly, which leads to great interest in the design and

fabrication of micro-electromechanical systems (MEMS)

[1–3]. Lead zirconate titanate (PZT) is an attractive material

to be incorporated into MEMS due to its excellent electro-

mechanical properties. Such devices often require crack-free

films with thickness of 1–10 mm. But the films prepared by a

conventional CSD process often show a low uncracking critical

thickness. Recently, a polymer-assisted deposition (PAD) has

been investigated to increase the critical thickness [4–7]. The

polymers can help to achieve the desired viscosity of precursor

solutions and function as binding agents to the metal precursors

[8,9]. The reticulate structures in the precursor solutions

suppress the condensation reaction and promote the structural

and stress relaxation in the films during the thermal treatment,

which makes it possible to deposit crack-free thick films.

In this work, we have investigated a metallo-organic

compound decomposition (MOD) process modified by
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poly(vinyl acetate) (PVAc) to obtain 1–6 mm thick PZT

films. The films are dense and crack-free, and the single-

coating thickness can reach to 0.25 mm. The structure–

property relationships of PZT films have been investigated

with increasing thickness.

2. Experimental procedure

PZT thick films were prepared by a MOD process. The

starting raw materials were lead acetate trihydrate, zirconium n-

butoxide and titanium n-butoxide. 2-Ethoxyethanol was chosen

as a solvent. The mole ratio of Zr/Ti was 52/48, and 20 mol% of

excess lead was added to compensate lead loss during the

thermal processing. PVAc powders with the molecular weight

of 30,000–50,000 were dissolved in 2-ethoxyethanol. Then the

PVAc solution was added into 1 M PZT precursor solution. The

additive amount of PVAc was 2.5 g per 100 ml of PZT

precursor solution. The mixed solution was heated to 120 8C for

50 min and then cooled down to room temperature. The 0.5 M

PZT precursor solution without addition of PVAc was also

prepared to be used as a reference solution.

The precursor solutions were spin-coated on Pt(1 1 1)/Ti/

SiO2/Si(1 1 1) substrates at 3000 rpm for 40 s. The wet films

were thermally treated in a rapid thermal annealing (RTA)

furnace (East Star RTP-500, China) in air at 500 8C for 10 min,
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Fig. 1. XRD pattern of 6.02 mm thick PZT film.
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and then were annealed at 700 8C for 3 min. The heating rate

was kept at 50 8C/s from room temperature to 500 8C and from

500 8C to 700 8C. The coating-thermal treatment process was

repeated until the required thickness was achieved. For

example, the PZT film with a thickness of 6.02 mm were

obtained after repeating the coating-thermal treatment process

24 times. PZT films with different thickness have been prepared

and investigated. For electrical measurements, top Au

electrodes of 1 mm in diameter were sputtered on the surfaces

of the films via a shadow mask to get an Au/PZT/Pt sandwich

structure.

Crystallizations of PZT films were investigated by a Rigaku

D/MAX-2400 X-ray diffractometer (XRD). Surface and cross-

section morphologies of the films were observed using a JEOL

JSM-6700F field emission scanning electron microscope

(FESEM). Dielectric properties were measured by an Agilent

4294A precision impedance analyzer. P–E hysteresis loops

were determined by a Radiant WS0603-242 precision work-

station with a HVI0702-228 precision high voltage interface.

3. Results and discussion

The PZT films prepared are all crystallized with the pure

perovskite phase. XRD pattern of the sample with thickness of

6.02 mm is shown in Fig. 1. PZT thick films with PVAc

modification have shown a random orientation with the strongest

peak at <1 1 0> direction. This indicates that the influence of

Pt(1 1 1) bottom electrode is weak in PZT thick films.
Fig. 2. FESEM micrographs of the surfaces of PZT films: (a)
Fig. 2 shows the FESEM micrographs of the surfaces of PZT

films. The thin film (0.41 mm in thickness) derived from the

solution without PVAc is dense and the grain size is less than

30 nm, as shown in Fig. 2(a). The thick film (0.95 mm in

thickness) derived from the PVAc-modified solution is dense

and crack-free. The average grain size is around 100 nm, as

shown in Fig. 2(b). The addition of PVAc in PZT precursor

solutions leads to larger grain size of PZT films. It could be

noted that when PVAc is introduced into PZT precursor

solutions, it is hybridized with metalloxane polymers through

the strong hydrogen bonding between C O groups of PVAc and

OH groups of the metalloxane polymers [10,11]. The reticulate

structures suppress the condensation reaction and promote the

structural relaxation in the PZT thick films during the thermal

treatment. When PVAc-related organic compounds are

decomposed, there is enough space for PZT to re-crystallize.

So the grains grow larger in the PZT thick films with PVAc

modification.

In order to investigate the effect of the film thickness on the

structures and electrical properties, several film samples with

thickness between 1–6 mm have been prepared. The thickness

of single-coating layer can reach to 0.25 mm. The FESEM

micrographs of the surfaces and cross-sections of PZT films are

given in Fig. 3. The four film samples are 0.95 mm, 2.03 mm,

4.03 mm and 6.02 mm in thickness, respectively. From the

surface micrographs, it can be seen that the grain sizes of PZT

films become larger with film thickness. The grain size of PZT

films increases from 100 nm to 500 nm as the film thickness

increases from 0.95 mm to 6.02 mm. It indicates that the lower

layers of PZT films may have a significant effect on the

nucleation and crystallization of the topper layers. Since

the PZT films were annealed at 700 8C to crystallize with a pure

perovskite phase after each coating. The grains in the lower

layers may be acted as the seed layers to promote the nucleation

and crystallization of the topper layers. As a result, the grains

grow larger with film thickness. At the same time, the surface of

the films becomes rougher with increasing thickness, which is

caused by the decomposition of the PVAc-related organic

compounds during the thermal treatment. This promotes the

structural relaxation and prevents the cracking formation. The

critical thickness at which the film begins to crack increases

significantly.

Dielectric and ferroelectric properties of the PZT films have

been investigated as a function of thickness. Dielectric
without PVAc modification; (b) with PVAc modification.



Fig. 3. FESEM micrographs of the surfaces and cross-sections of PZT films.
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properties were measured in a frequency range from 100 Hz to

100 kHz, as shown in Fig. 4. With the increase of frequency, the

dielectric constant decreases and the dielectric loss increases.

Thickness dependence of the dielectric constant and loss

tangent at 1 kHz is shown in Fig. 5. The dielectric constant

increases from 1070 to 1490 as the film thickness increases

from 0.95 mm to 6.02 mm, while the dielectric loss varies little

with thickness and is in a range of 0.03–0.04 at 1 kHz. Fig. 6

shows a P–E hysteresis loop of the PZT film with a thickness of

6.02 mm. Remanent polarization (Pr) and coercive field (Ec) of

the sample are 52.4 mC/cm2 and 41.3 kV/cm, respectively.

With the increase of the film thickness from 0.95 mm to

6.02 mm, Pr increases from 36.1 mC/cm2 to 52.4 mC/cm2,
while Ec decreases from 57.3 kV/cm to 41.3 kV/cm, as shown

in Fig. 7. As has been demonstrated by Xu et al. [12], there are

both intrinsic and extrinsic contributions to the dielectric and

ferroelectric responses in the PZT bulk ceramics. But for the

PZT films, there are intrinsic contributions to the dielectric and

ferroelectric properties for all films with different thicknesses,

grain sizes and preferential orientations. Meanwhile, the

extrinsic contributions have been seriously confined in the

thin PZT films due to the pinning of the domain walls and begin

to increase with thickness after a critical thickness. So we can

deduce that the domain wall density becomes larger and the

domain wall pinning becomes less with increasing film

thickness and grain size in our PZT thick films. As a result,



Fig. 5. Thickness dependence of dielectric constant and loss tangent of PZT

films.

Fig. 4. Frequency dependence of dielectric constant and loss tangent of

6.02 mm thick PZT film.

Fig. 7. Thickness dependence of Pr and Ec of PZT films.
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the domain wall motions become easier, leading to the increase

of the dielectric constant and remanent polarization and the

decrease of the coercive field. It can be seen from Figs. 4–7 that

PZT thick films prepared from PVAc-modified solutions exhibit

excellent dielectric and ferroelectric properties, which are

promising materials for MEMS applications.
Fig. 6. P–E hysteresis loop of 6.02 mm thick PZT film.
4. Conclusions

PZT thick films with thickness of 1–6 mm have been

prepared by the repeated deposition via a PVAc-assisted MOD

process. The films are dense and crack-free, and the single-

coating thickness can reach to 0.25 mm. The grain size

increases from 30 nm to 100 nm after the addition of PVAc in

PZT precursor solutions. At the same time, the grains grow

larger (in a range of 100–500 nm) and the surface of the films

becomes rougher with increasing film thickness. This promotes

the structural relaxation and prevents the cracking formation.

The critical thickness at which the film begins to crack

increases significantly. With increasing film thickness and grain

size, the dielectric constant and remanent polarization increase

from 1070 to 1490 and 6.1 mC/cm2 to 52.4 mC/cm2,

respectively. The coercive field decreases from 57.3 kV/cm

to 41.3 kV/cm.
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