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Abstract

Thin ferroelectric films of samarium doped PZT (4:55:45) were prepared by sol-gel technique on ITO coated corning 7059 glass.
Characterization of these films by X-ray diffraction and scanning electron microscopy shows that the films are formed perovskite
tetragonal phase with submicron crystallite size. Charge field hysteresis, dielectric relaxation and pyroelectric studies were carried on
these films. It is concluded that these films with their high pyroelectric coefficient
— 230 will find application as pyroelectric sensor elements.

•- 45 nC cm K and low dielectric constant
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1. Introduction

Thin films of ferroelectric devices are being consid-
ered for applications in numerous electronic and electro-
optic devices ranging from non-volatile semiconductor
memories, optical waveguide devices, spatial light mod-
ulators, switching capacitors for integrated circuitry,
SAW devices, pyroelectric devices, and imaging sensors
[1-5]. Recent developments in micro-electromechanical
systems have opened new potential applications of
ferroelectric thin layers is micropositioning, actuation
and infra red sensors [6-8]. The exploitation of ferro-
electric thin films for electronic and electro-mechanical
applications has been restricted due to limitations in
deposition processes for device-quality ferroelectric thin-
films. However, recent advances in thin film deposition
technology, especially in the areas of sol-gel technology
[9,10] and metal organic chemical vapor deposition have
generated significant excitement within the electronic
ceramics community. In this paper we describe the
preparation and characterization of samarium doped
PZT (PSZT) films prepared by sol-gel technique.

samarium doped PZT in the bulk form has been studied
earlier and had shown good piezo and pyro character-
istics [11,12].

2. Experimental techniques

PSZT sol was prepared using lead acetate trihydrate,
samarium oxide, zirconium acetylacetonate and tita-
nium isopropoxide (Aldrich, USA) as precursors, along
with 2-methoxyethanol as solvent and acetic acid as
catalyst. Samarium oxide was dissolved in acetic acid
heated at 80 8C till a clear solution is obtained.
Appropriate amount of this solution was added in the
preprepared PZT sol. The preparation of PZT sol was
described earlier [13,14]. Filtered sols were dispensed
from a syringe using a 0.2-mm syringe filter and spin
coated at a speed of 3000 rpm for 30 s on ITO coated
7059 corning glass substrates. Multiple coatings were
deposited to get optimal film thickness. After each
coating, the films were heat-treated at 150 8C to remove
volatile organics. The multilayer films were then heated
(temperature increase at 1 "Cmin"1) to 400 8C and
maintained at that temperature for 1 h to expel residual
organic material. The films were then heated rapidly to
600 8C for 1 h, followed by furnace cooling. The
crystallinity and phases of the sintered films were
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Fig. 1. X-Ray diffractogram of PSZT film.

a scanning electron microscope (JEOL, Japan). The film
thickness was determined using a tele-step method and
was found to be 0.5 mm after 15 coatings. Aluminum
electrodes 2 mm were vacuum-deposited for dielectric
and charge field hysteresis studies. Hysteresis studies
were done using a Sawyer-Tower circuit- RT66A
(Radient Tecnologies Inc.). Dielectric properties of the
films at various frequencies and temperature were
measured using an impedance analyzer (HP 4192 A).
The pyro-electric current was measured after corona
charging the films at 150 8C for 5 min under the corona
followed by cooling to the room temperature in 20 min
while the sample is still under the corona field. The
corona voltage and current used were 7 kV and 50 mA,
respectively. The pyro current was measured using
Keithley electrometer model 610C at a heating rate of
4 T s " 1 .

Fig. 2. Scanning electron micrograph of PSZT film.

examined after heat treatment using X-ray diffraction
(Rigaku, Cu Ka radiation, X = 1.5405 A). Microstruc-
tural studies of the sintered films were carried out using

1200

3. Results and discussion

The X-ray diffractogram of the PSZT film is shown in
Fig. 1. The diffractogram shows well resolved peaks.
The planes responsible for these peaks are identified
using ASTM data and are marked on the diffractogram.
The lattice constant calculated using hkl values from
these indicates that 'c' and 'a' values for the unit cell are
4.12 and 4.03 A, respectively. The c/a ratio of 1.02
suggests that this 4:55:45 PSZT film has perovskite
structure with tetragonal phase. This is also supported
by the presence of well-resolved (0 0 2) and (2 0 0) peaks
in the diffractogram. The scanning electron micrograph
of the surface of the film is shown in Fig. 2. The
micrograph indicates that there are no visible cracks in
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Fig. 3. Variation of dielectric constant or with temperature at 1 kHz.
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Fig. 4. Variation of tan d with temperature at 1 kHz.

the film. The film seems to be fairly uniform with the
average crystallite size in the sub micron region.

The dielectric relaxation behaviour of the film was
studied both as a function of frequency and tempera-
ture. The dielectric constant decreases with the increas-
ing frequency and the dispersion shows typical dipolar
nature of the material. The variation of dielectric
constant (or) and loss tangent (tan d) at 1 kHz with
temperature are shown in Fig. 3 and Fig. 4, respectively.
It can be seen that both or and tan d initially increase
with increasing temperature and show a peak around
280 8C. The peak may be due to ferroelectric to para
electric transition after Curie temperature. For the bulk
PSZT samples of this composition the Curie tempera-
ture was found to be ~300 8C [15]. The transition peak
as observed from these figures is fairly broad which is
very common in ferroelectric ceramics in thin film form
[16]. The possible reason for the absence of a well-
defined sharp Curie transition peak in these materials
could be grain size variations. The variation of grain size
may lead to variation in stress produced in the material
and may effect the ferroelectric to paraelectric transi-
tion.

The polarisation-electric field hysteresis loop of PSZT
thin film measured at 60 Hz is shown in Fig. 5. The loop
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Fig. 5. Polarisation-electric field hysteresis loop of PSZT film.

clearly shows the ferroelectric nature of PSZT film with
a saturation polarisation ~34 mC cm"2. The remnant
polarisation (Pr) and coercive field (Ec) are found to be
about 11.8 mC cm"2 and 100 kV cm"1, respectively. A
small variation is observed in Pr and Ec values during
electric field reversal as is clear from the shift of the
hysteresis loop. The hysteresis loop seems to be shifted
towards the negative electric field axis. This shift could
be due to the internal bias provided by some fixed
polarisation in the film. It seems that in the sub micron



22 A.K. Tripathi et al. / Materials Science and Engineering B96 (2002) 19-23

20 60 80 100

TEMPERATURE (°C)

120

Fig. 6. Temperature variation of pyrocoefficient of PSZT film.

Table 1
Pyroelectric figures of merit of some commonly used materials

tan d Pi (10~9 C cm" 2 K) F i ( 1 0 " n AM/W) Fv(V cm" 2 J " 1 )

PSZT
PLZT
ModPT
Sr0.5Ba0.5Nb2O6

LiTaO

230
1600
290
400

46

0.04
0.031
0.003
0.02
0.003

45
23
40
60
19

18

15.7
25.6
45.9

63
600
720

1470

1.7
0.679
5.8
0.03
6.5

crystallite size region some of the ferroelectric domains
are clamped.

The pyroelectric coefficient (Pi) was calculated using
the relation

Pi = (I=A)(dT=dt)- 1
(1)

here I is the pyroelectric current measured during third
heating cycle when it shows reproducible values, A is the
electroded area and dT/dt is the heating rate. The
variation of Pi with temperature is shown in Fig. 6. It
can be seen that pyro-coefficient increases with the
increasing temperature in the ferroelectric region. The
pyro-coefficient at room temperature was found to be 45
nC cm"2 K~ \ This value is comparable with the values
obtained for other materials [17]. Pyroelectric figure of
merits like current responsivity Fi = /Pi/Cv, voltage
responsivity [Fv = Pi/Cv o?] and detectivity [d=(PU
Cv)(o??)1/ 2] were calculated to evaluate the utility of the
film for pyro-electric detectors. Here Cv is the specific
heat of the ceramic at constant volume and was taken as
2.5 J cm"3 K"1 [17]. These values at room temperature
were found to be 18 x 10 " n AM/N, 630 V cm2 J "1 and
1.7 x lO" 5 Pa"1/2, respectively. Table 1 shows the
pyroelectric figure of merits obtained for other materials
in the bulk form for the sake of comparison [17,18]. It

can be seen from these values that the pyroelectric
figures of merit for PSZT films are comparable to other
ceramic samples.

It can be concluded on the basis of this study that
4:55:45 PSZT films prepared by sol-gel technique are in
perovskite phase and have potential application as pyro-
electric sensor.
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