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Abstract

Thin films of Pb0 soCao 2oTi03 and Pb0. 76Ca0 24TiO3 are prepared using the sol-gel technique on ITO coated corning 7059 glass.
X-ray diffraction studies on these films show perovskite structure with tetragonal phase. Dielectric, pyroelectric and ferroelectric
studies are carried out on these films. Results suggest that PCT76/24 with pyrocoefficient (~43 nC cm" 2 K" 1 ) and voltage
responsivity ( — 2340 V cm" 2 J~ 1) is a promising pyrosensor material.
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1. Introduction

The unique piezoelectric and pyroelectric properties
of ferroelectric materials, combined with design flex-
ibility and miniaturization offered by thin film geometry
and also developments in integrated circuitry and
electro-optic technologies, have generated great interest
in ferroelectric thin films. Thin film ferroelectric materi-
als are being considered in numerous electro-optic
applications, such as non-volatile semiconductor mem-
ories, optical waveguides, spatial light modulators and
surface acoustic wave devices [1-5]. Recent develop-
ments in micro-mechanical systems have opened new
potential applications of ferroelectric thin layers in
actuators and infrared sensors [6-8]. Ferroelectric bulk
ceramics extensively studied for applications are lead-
based perovskite oxides, such as lead titanate, lead
zirconate titanate and PLZT. A number of techniques
have been used to obtain thin films in perovskite phase
including high vacuum processes, such as sputtering [9]
and electron beam evaporation. However, sol-gel tech-
nology [10-14] of thin films offers attractive features,
such as low processing temperature and ease of tailoring

the structural and electrical properties by controlling the
composition [15,16].

The large spontaneous polarization and resulting
piezo and pyro-electric properties of lead titanate could
not be exploited to full extent because of mechanical
fracture of the ceramics. The replacement of Pb ion by
an ion which has the same valency and smaller size, such
as Ca ion, has been proved successful in reducing the c/a
ratio, resulting thereby in better mechanical stability
[17]. Considerable work has been reported earlier on
PCT in bulk form [18]. In this paper, we have deposited
PCT thin films by sol gel technique and investigated the
structural, dielectric, ferroelectric and pyroelectric prop-
erties of these films.

2. Experimental procedure

PCT films of chemical composition Pb0.8Ca0.2TiO3

(PCT80/20) and Pb0.76Ca0.24TiO3 (PCT76/24) were pre-
pared by sol gel technique [19-23]. Lead acetate
trihydrate, calcium acetate hydrate and titanium iso-
propoxide (all from Aldrich, USA) were used as
precursors along with 2-methoxyethanol as solvent
and acetic acid as catalyst. The sol was prepared by
dissolving lead acetate trihydrate in acetic acid. Lead
acetate (8 mol.%) in excess of the stoichiometric ratio
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was added in order to compensate for lead loss during
subsequent thermal treatment The solution was refluxed
at 110 8C for 3 h in a three-neck flask assembly to
remove water of crystallization. Similarly, calcium
acetate hydrate was also dissolved in acetic acid and
refluxed. Both the solutions were mixed together and
refluxed with 2-methoxy ethanol. Finally, Ti-isoprop-
oxide in stoichiometric ratio was added into the solution
with continuous stirring to prepare PCT sol. Filtered sol
was dispensed from a syringe and spin coated at a speed
of 3000 rpm for 30 s on ITO coated 7059 Corning glass
substrate. Multiple coatings were deposited. After each
coating, the films were heat-treated at 150 8C to remove
volatile organics. The multilayer films were then heated
to 400 8C (temperature increase at the rate of 1 8C
min ~1) and maintained at that temperature for 1 h to
expel residual organic materials. The films were then
heated to 650 8C at the rate of 10 8C min"1 for 1 h,
followed by furnace cooling. The crystallinity and
phases of the sintered films were examined using X-ray
diffraction (Rigaku, CuKa radiation, A = 1.5405 A8).
The film thickness was determined using a taly step
method. Aluminum electrodes were vacuum deposited
for electrical measurements. Dielectric properties of the
films at various frequencies and temperatures were
measured using an impedance analyzer (HP4192A).
Hysteresis studies were carried out using a Sawyer
Tower circuit-RT66A (Radient Technologies Inc.). The
pyro-electric current was measured after corona char-
ging the films at 150 8C for 5 min under the corona
followed by cooling to room temperature in 20 min
while the sample was still under the corona field. The
corona voltage and current used were 7 kV and 50 mA,
respectively. The pyrocurrent was measured with a
heating rate of 3 8C s"1 using Keithley electrometer
model 610 C.
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Fig. 1. X-ray diffractogram of PCT76/24.
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Fig. 2. X-ray diffractogram of PCT80/20.

3. Results and discussion

The X-ray diffraction patterns of PCT76/24 and
PCT80/20 are shown in Figs. 1 and 2, respectively.
The diffractograms show well resolved peaks. The hkl
values of planes responsible for the peaks were identified
using ASTM data and are marked on the diffracto-
grams. The small shoulder seems to be attached to the
left of the (101) plane in Fig. 1. This indicates the
possibility of a secondary phase with a structure close to
a pyrochlore. To investigate this further, X-ray diffrac-
tion pattern of this film was again taken at a slower scan
rate (28) to see if the shoulder corresponds to some peak.
But no new peak was observed. This indicates that the
pyrochlore phase in the sample is negligible. Another
feature that can be observed from Figs. 1 and 2 is the
considerable lowering of the (101) peak intensity in Fig.
1. This could be due to the preferential orientation along

(110) plane of PCT with the lowering of c/a ratio. The
lattice constants calculated using hkl values indicate that
the c and a values for the unit cell are 4.03 and 3.83 in
PCT80/20, whereas in PCT76/24 the values are 4.02 and
3.86, respectively. As observed, c value decreases and a
value increases with an increase in calcium doping. The
same results have also been found by others [24]. These
results may be interpreted by the fact that doped Ca ions
occupy Pb ion sites because the Ca ion has the same
valency as Pb ion, but has smaller ionic radius (Ca2 + =
0.99 A8) than the Pb ion (Pb2+ = 1.20 A8). The c/a ratio
of 1.04 in PCT76/24 and 1.05 in PCT80/20 suggests that
the films have perovskite structure with tetragonal
phase. The lattice parameters calculated from these
diffractograms are given in Table 1 along with those
reported for pure PT films by Tartaj et al. [22]. It is clear
that the lattice parameters and tetragonal ratios are
smaller for PCT films compared to those of PT films.
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Table 1
Lattice parameters for different compositions of PCT

Composition

PbTiO3*

Structure

Tetragonal
Tetragonal
Tetragonal

c(A8)

4.14
4.03
4.02

a (A8)

3.89
3.83
3.86

Tetragonal distortion (c/a)

1.06
1.05
1.04

Unit cell volume (A8)3

62.65
59.12
59.90

* Ref. [22].

The variations of dielectric constant and loss tangent
with frequency at room temperature are shown in Fig. 3.
The dielectric constant decreases with increasing fre-
quency. The fall in dielectric constant arises from the
fact that polarization does not occur instantaneously
with the application of the field. The delay in response
towards the impressed alternating electric field leads to
loss and decline in dielectric constant. The same type of
frequency dependent dielectric behaviour was found in
many ferroelectric ceramics [25,26]. The dependence of
dielectric constant and loss tangent on temperature at 1
KHz are shown in Fig. 4. The observed peaks in Fig. 4
suggest that the Curie temperature of PCT80/20 and
PCT76/24 are x 190 and 135 8C, respectively. The
peaks are fairly broad, as commonly observed in ferro-
electric ceramics in thin film form [17,27]. It can be seen
from the figures that at room temperature the value of
loss tangent for PCT76/24 is lower than that for PCT80/

20. The c/a ratio of PT is 1.065 [28], which decreases
with the addition of Ca to 1.052 and 1.041 in PCT80/20
and PCT76/24, respectively. Also, as observed in our
study, the addition of calcium has led to lowering of
Curie temperature. These results are in agreement with
those of Yamaka et al. [17] who have carried out similar
investigations on PCT films by RF magnetron sputter-
ing. Moreover, the loss tangent observed in PCT80/20 is
also higher than that in PCT76/24, which suggests that
the energy required for orientation of PCT80/20 dipoles
is more compared to that of PCT76/24 dipoles.

The polarization-electric field hysteresis of PCT76/24
and PCT80/20 measured at 60 Hz are shown in Figs. 5
and 6, respectively. Both compositions of PCT show
well developed hysteresis loops, thereby confirming their
ferroelectric nature. The values of saturation polariza-
tion (Ps), remanant polarization (Pr) and coercive field
(Ec) in PCT76/24 are 25.80 and 21.60 mC cm"2 and
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Fig. 4. Variation of dielectric constant or and tan d with temperature at 1 KHz.

PCT 76/24

Fig. 5. Polarization—electric field hysteresis loop of PCT76/24.

368.73 kV cm" \ respectively, whereas in PCT80/20, the
values are found to be 3.70 and 2.16 mC cm"2 and
188.69 kV cm"1, respectively. The higher values of Ps

and Pr in PCT76/24 sample can be explained on the
basis of higher dipole moment in this composition.
Moreover, the domain growth in PCT76/24 should be
easier given the fact that it has higher dielectric constant
with low loss. The value of saturation polarization and
remanant polarization of PCT76/24 seems to be com-
parable to those obtained by Mendiola et al. [23].
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Fig. 6. Polarization—electric field hysteresis loop of PCT80/20.

The pyroelectric coefficient (Pi) was calculated using
the relation

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

where I is the pyroelectric current measured during the
third heating cycle when it shows reproducible values, A
is the electrode area and dT/dt is the heating rate. The
variation of Pi with temperature is shown in Fig. 7. It
can be seen that pyro-coefficient increases with the
increasing temperature in the ferroelectric region. Pyro-
electric figures of merit, like voltage responsivity [Fv =
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Fig. 7. Variation of pyrocoefficient with temperature.

Pi/Cvo
?], current responsivity [Ft = iVCv] and detectivity

[Fd = Pi/Cv( e' tan d)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 [29]. The observed values
of dielectric constant, loss tangent, pyro-coefficient and
figures of merit of these PCT films are compared in
Table 2 along with those reported [29,30] for other
pyroelectric materials. It can be seen that PCT76/24
shows fairly high voltage responsivity Fv, which is
expected in view of the higher Pi and lower or values.

4. Conclusions

Thin films in the (Pb,Ca)TiO3 system have been
successfully prepared by sol gel processing on ITO
coated 6059 glass substrates. The structural and elec-
trical properties have been characterized and ferro-
electric hysteresis loops have been obtained. The
pyrocoefficient and figures of merit have been calcu-
lated. Results indicate that PCT(76/24) is expected to

give high infrared detector performance due to its high
values of voltage responsivity and detectivity along with
smaller value of loss tangent. Thus, the use of sol gel
derived (Pb,Ca)TiO3 films are expected to enhance the
application of the material for pyroelectric detectors.
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