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Dielectric Properties of Highly Oriented Pb0.65 Ba0.35 ZrO3 Thin Films
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Pb0.65 Ba0.35 ZrO3 (PBZ) thin films [1] were grown on MgO (001) substrates by pulsed laser
deposition (PLD). We compared the structural and dielectric properties of PBZ thin films grown at
various temperatures. A high c−axis orientation appeared in PBZ thin film grown at a deposition
temperature of 550 ◦ C. The c−axis-oriented PBZ thin film also showed the largest tunability among
all the PBZ thin films in capacitance-voltage measurements. The tunability and dielectric loss of
the PBZ thin film were 20 % and 0.00959, respectively. In addition, we compared the temperature
coefficient of capacitance (TCC) of a PBZ thin film with that of a Ba0.5 Sr0.5 TiO3 (BST) thin film,
which is a well-known material applicable to tunable microwave devices. We confirmed that the
TCC value of a PBZ thin film was three times smaller than that of a BST thin film.
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I. INTRODUCTION
The dielectric constant of a ferroelectric material can
be changed under an applied electric field. Thus, ferroelectric materials can be used for electrically tunable microwave devices which tune the frequency and the phase
by applying electric fields. The important material issues for ferroelectric materials applicable to tunable microwave devices are tunability defined by C/Cmax , dielectric loss, and temperature coefficient of capacitance
(TCC), defined by rate of change of capacitance following temperature change, that is, ∆C/C∆T [2]. In order to increase the tunability and decrease the dielectric
loss of ferroelectric materials for this application, many
researchers studied the correlation between the tunability and the strain of ferroelectric films with perovskite
structure [3–7]. Although the TCC value is still high
for practical applications, few researchers have studied
the TCC of ferroelectric materials to date. S. Gevorgian [2] reported that the TCC value of a capacitor is
decreased when a capacitor is made of two ferroelectric materials with different Curie temperatures, respectively. In this work, we have tried to find a new material which is expected to have a low TCC value in
bulk for a tunable microwave device. We have chosen a
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Pb0.65 Ba0.35 ZrO3 (PBZ) material, since bulk PBZ shows
lower temperature dependence of dielectric constant than
that of bulk Ba0.5 Sr0.5 TiO3 (BST) in the temperature
range of −25 ◦ C to 120 ◦ C [8]. It has been reported by
Pokharel [9] that bulk Pb1−x Bax ZrO3 has a cubic structure when x is larger than 0.35 and the lattice parameter
of bulk PBZ is 4.176 Å, slightly smaller than 4.2 Å which
is the lattice parameter of MgO at room temperature.
We have investigated PBZ thin films grown on MgO substrates, which are expected to show smaller TCC values
than those of BST thin films.

II. EXPERIMENTS AND DISCUSSION
A PBZ target of 1 inch diameter and with an excess of
20 % PbO was prepared. A PBZ thin film was deposited
on a MgO (001) single-crystal substrate with a size of
10 × 10 × 0.5 mm3 by pulsed laser deposition (PLD)
with a Nd : YAG laser at a repetition rate of 5 Hz. The
average pulse energy was 120 mJ. The deposition of a
PBZ thin film was carried out at a substrate temperature between 450 ◦ C and 650 ◦ C and an oxygen pressure
of 150 mTorr for 20 min. In order to prevent Pb losses
during deposition, we did not deposit at higher temperature than 650 ◦ C and did not try any post-annealing
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process. The structural phase composition and crystallization of the PBZ thin films were determined by X-ray
diffraction (XRD). Surface morphology and microstructure were examined by atomic force microscopy (AFM)
by using Seiko SPA-300HV. The dielectric properties of
the PBZ thin films in terms of the capacitance and dielectric loss (tan δ) were measured by using a HP4284A
LCR meter at 1 MHz. Co-planar capacitors with a gap
size of 5 µm were fabricated by using lift-off technology,
where Pt, a face-centered cubic structured material with
a lattice parameter of 3.92 Å [10], was used as an electrode. Each Pt electrode had a rectangular shape with
a width of 100 µm and a length of 2 mm.
Figure 1 shows typical XRD (θ − 2θ) scan data of the
deposited thin films on a logarithmic scale. The XRD
measurements were performed in order to check PBZ
(001), PBZ (002), PBZ (003) and PBZ (004) peaks. It is
difficult to distinguish PBZ (002) and PBZ (004) peaks
from MgO substrate peaks, since the lattice parameter
of PBZ material is similar to that of MgO substrate. A
PBZ thin film grown at 650 ◦ C is not epitaxially grown
since a couple of unknown peaks, PBZ (011), PBZ (111),
PBZ (013) and PBZ (311) peaks are observed. We can
observe very strong PBZ (00l) peaks compared to other

Journal of the Korean Physical Society, Vol. 47, September 2005

peaks from XRD data for a thin film grown at 550 ◦ C,
implying that the thin film is highly oriented. The PBZ
thin film grown at 450 ◦ C shows no strong PBZ peaks
implying that the thin film consists of poorly crystallized
PBZ phase.
Figure 2 shows AFM images of PBZ thin films grown
at various temperatures. The PBZ thin film grown at
550 ◦ C had the smallest root-mean-square (RMS) roughness value and grain size, among all the PBZ thin films.
This indicates that the PBZ thin film grown at 550 ◦ C
has the most uniform surface. Multiform grains are observed on PBZ thin films grown at 450 ◦ C and 650 ◦ C,
which show PBZ (011) peaks in XRD (θ − 2θ) scan data
and polycrystalline structures. The RMS roughness values and grain sizes of PBZ thin films are summarized in
Table 1.
We measured electrical properties of PBZ thin films
by using a HP4284A LCR meter at 1 MHz and at room

Table 1. RMS and grain size of PBZ thin films grown at
different temperatures.
PBZ (450 ◦ C) PBZ (550 ◦ C) PBZ (650 ◦ C)
RMS (nm)
7
1.7
4.8
Grain size (nm)
112
60
145

Fig. 1. X-ray diffraction (θ − 2θ) scan data for Pb0.65
Ba0.35 ZrO3 thin films grown at different temperatures. Only
the PBZ thin film grown at 650 ◦ C shows very strong (00l)
peaks. Cu Kβ and Mn Kα peaks originate from the imperfectly filtered X-ray source of the XRD machine.

Fig. 2. Topographic images for Pb0.65 Ba0.35 ZrO3 thin
films grown at (a) 450 ◦ C, (b) 550 ◦ C and (c) 650 ◦ C.

Fig. 3. Capacitance and dielectric loss versus electrical
field for Pb0.65 Ba0.35 ZrO3 thin films grown at various temperatures with coplanar micro-strip structures.
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Fig. 5. Tunability as a function of temperature for a
Ba0.5 Sr0.5 TiO3 and a Pb0.65 Ba0.35 ZrO3 film grown on MgO
(001) substrates.

Fig. 4. Capacitance versus electrical field for a Ba0.5
Sr0.5 TiO3 and a Pb0.65 Ba0.35 ZrO3 thin film, measured at
different temperatures.
Table 2. Tunability, dielectric loss, and K factor of PBZ
thin films grown at different temperatures.

Tunability (%)
Dielectric loss
K (tunability/loss)

450 ◦ C
0.6
0.0047
1

550 ◦ C
20
0.00959
20

650 ◦ C
9
0.00584
15

temperature. Figure 3 shows capacitance and dielectric
loss versus electric field characteristics for PBZ thin films
grown at various temperatures. The capacitance and dielectric loss data show slight hysteretic behavior since
the bulk PBZ with Ba content of 0.35 has a ferroelectric transition temperature close to room temperature.
It has been reported that a Pb1−x Bax ZrO3 film with
a Ba content of less than 0.35 shows well-defined ferroelectric behavior at room temperature, since its ferroelectric transition temperature is higher than room temperature [11]. For the application of electrically tunable
devices, we need high tunability, low dielectric loss, and
low TCC value instead of well-defined ferroelectric behavior. The PBZ thin film grown at 550 ◦ C with highly
oriented structure shows the largest tunability (∼ 20 %)
among all the thin films. Although the PBZ thin film
with highly oriented structure has high dielectric loss, it

shows the largest ratio between tunability and dielectric
loss (K factor). We guess that a highly volatile characteristic of Pb in PBZ thin films may result in the better
dielectric properties of PBZ thin film grown at 550 ◦ C
compared with that grown at 650 ◦ C [12].
We also measured the TCC value of a PBZ thin film
with highly oriented structure in the temperature region
of 300 K to 430 K and compared the TCC value of a BST
thin film, which is a well-known material applicable to
tunable microwave devices. Figure 4 shows capacitance
versus electrical field characteristics for PBZ and BST
thin films measured at different temperatures. Figure 5
shows the tunability change as a function of temperature
for PBZ and BST thin films. Although a PBZ thin film
had a lower tunability than that of a BST thin film, it
shows a much smaller change in tunability as temperature increases from 300 K to 430 K. The different TCC
values of PBZ and BST thin films may be due to different phase transition behaviors of PBZ and BST bulk
materials [13]. In this temperature region, the TCC values of the PBZ and the BST thin films are 0.0011 and
0.00377, respectively.

III. CONCLUSIONS

We deposited PBZ thin films on MgO (001) substrates
at 450 ◦ C, 550 ◦ C and 650 ◦ C. XRD (θ−2θ) scan data indicated that PBZ thin film grown at 550 ◦ C had a highly
oriented structure. In topographic images by AFM and
capacitance versus voltage measurement, PBZ thin film
grown at 550 ◦ C had the flat test surface and the best
dielectric properties among all the samples. On comparing the TCC value of a PBZ thin film with that of BST
thin film, we confirmed that the TCC value of a PBZ
thin film was three times smaller than that of a BST
thin film.
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