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Abstract

Barium strontium titanate (BST) thick films for use in frequency agile microwave circuit applications have been investigated. A

potentially cost-effective processing route has been used to make BST thick films from mixed-oxide powders. BST thick films have
been press-formed in a single step onto alumina substrates from a viscous polymer tape. Films with thicknesses ranging from 10 to
140 mm have been obtained. The microstructure and dielectric properties of the BST thick films have been characterised. The results
show that Ba0.7Sr0.3TiO3 thick films exhibit �20% tunability at room temperature under a DC bias field of 5.5 kV/cm. Possibilities

for further improvements are discussed in terms of reducing the interactions between the BST films and alumina substrates. # 2001
Elsevier Science Ltd. All rights reserved.
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1. Introduction

Ferroelectric materials are potential candidates for
application as the phase shifting element in phased
array antennas and as tuning elements in devices oper-
ating at microwave frequencies.1 Whilst much work in
the past has been focused on antennas for military sys-
tems, one of the largest civilian applications is for
adaptive, or steerable, antennas for mobile communica-
tion basestation applications and is thus of enormous
current interest. Barium strontium titanate (BST) has
recently been shown to have lower dielectric losses at
room temperature and its realisation in thick film form
means the applied voltages required for tunability can
be dramatically reduced from kilovolts to 10–100 V.

This paper describes the processing and characterisa-
tion of thick film BST materials for microwave circuit
applications. Thick film fabrication routes have the
potential for cost effective mass production of planar
electronic circuits and components. The effect of pow-
der characteristics, composition and processing and
sintering conditions on the microstructure and dielectric
properties of the films are discussed and compared to

equivalent materials produced in bulk form. The influ-
ence of the supporting substrate is also considered.

2. Experimental

Ba1�xSrxTiO3 (x ¼ 0:3�0:6) powders were synthe-
sised via a conventional solid-state reaction method
from barium carbonate (Fluka, >99%), strontium car-
bonate (Fluka, >99%) and titania powders (Toho
Titanium Company, >99.9%). After mixing and ball
milling in acetone with zirconia media, the powders
were calcined at a range of temperatures from 900–
1150 �C. A Viscous Polymer Processing (VPP) method2

was used to make BST ceramics and thick films using an
aqueous polyvinyl alcohol (PVA) binder system. The
detailed procedure for press forming the thick films was
as follows: a VPP BST/PVA tape was first obtained
using twin roll milling. BST green films were then
formed by pressing the BST/PVA tape onto alumina or
Pt-coated alumina substrates at pressures ranging from
40 to 100 MPa. Comparative bulk samples were cut
from the tape. The green pellets and thick films were
burnt out at 550 �C for 1 h and sintered at temperatures
ranging from 1200 to 1450 �C for 2 h. The BST pow-
ders, ceramics and films were characterised using TG-
DTA (Stanton Redcroft STA-780), particle size analysis
(Coulter LS 130), X-ray diffraction (XRD, Philips
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X’pert) and scanning electron microscopy (SEM, Jeol
5410). Dielectric properties of BST ceramics and films
were calculated from the capacitance measured at 1 kHz
using an impedance analyser (Hewlett-Packard HP
4194A). An internal DC bias of up to 40 V was used to
change the electric field during the measurement.

3. Results and discussion

3.1. Synthesis and characterisation of BST powders

Fig. 1 shows the typical TG–DTA data for the car-
bonate and oxide precursors used for BST synthesis and
indicates that the temperature for complete decomposi-
tion of the carbonates is �1050 �C. However, the XRD
results shown in Fig. 2 indicate that the calcining tem-
perature should be at least 1150 �C for the formation of
phase-pure BST when calcining for 2 h. Even at 1100 �C,
a small amount of impurity phase is still visible (see
arrows in Fig. 2).

The morphology and particle size distribution of
a typical BST powder are shown in Figs. 3 and 4

respectively. It can be seen that the particle size dis-
tribution of the BST powder derived from the solid-
state reaction is bimodal with the mean particle size of 1
mm, which is in agreement with the SEM results.

3.2. Microstructure and dielectric properties of BST
thick films

Fig. 5 shows the relationship between the forming
pressure and film thickness for pressed formed BST
films. Adherent, crack-free BST films with thicknesses
between 10 and 140 mm have been obtained on alumina
substrates via this novel processing route. The film
thickness is much larger when films are press formed on
Pt-coated alumina substrates compared to films on alu-
mina substrates. This is due to the larger roughness of
the Pt coating. It has been reported that the squeeze
flow of films is dependent not only on the rheology of
the paste but also on the roughness of the substrates.3

The larger roughness requires a higher pressure to
facilitate the film flow.

XRD patterns of Ba1�xSrxTiO3 thick films sintered at
1300�C for x ¼ 0:3�0:6 are shown in Fig. 6. The crystal

Fig. 1. A typical TG–DTA curve for BST precursors.

Fig. 2. XRD patterns for Ba0.6Sr0.4TiO3 powders after calcining at

temperatures from 900–1150 �C.

Fig. 3. SEM micrograph of a typical BST powder calcined at 1150 �C

for 2 h.

Fig. 4. Particle size distribution of a calcined BST powder.
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structures are cubic for the investigated composition
range. The unit cell parameters have been calculated
and plotted in Fig. 7. It can be seen that the unit cell
volume increased linearly with the Ba content, which is
attributed to the larger ionic radius of Ba compared to
that of Sr. At sintering temperatures above 1250 �C,
interactions between the BST films and alumina sub-
strates were observed. The inter-diffusion of Ba, Sr and
Al ions will lead to the disruption of the BST solid
solution and the formation of secondary phases and this
has been discussed in more detail elsewhere.4

Fig. 8 shows the microstructure of BST films sintered
at 1300 �C for 2 h. At this temperature, no visible
interactions were observed between the BST films and
alumina substrates with a Pt coating. However, the film
is not fully dense and the grain size is �1–2 mm.

Fig. 5. Typical relationship between forming pressure and film thickness for BST films on alumina and Pt-coated alumina substrates.

Fig. 6. XRD patterns for Ba1�xSrxTiO3 thick films sintered at 1300 �C

for 2 h with x ¼ 0:3�0:6.

Fig. 7. The unit cell volume (a3) versus Ba content in Ba1�xSrxTiO3.

Fig. 8. SEM micrographs of Ba0.6Sr0.4TiO3 thick films sintered at

1300 �C for 2 h, (a) cross-section, (b) film surface.
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The dependence of the dielectric properties on DC
bias field of the BST thick films is shown in Fig. 9(a).
The response of permittivity (P) with DC bias field is
different at room temperature for different Ba/Sr ratios.
The tunability calculated using (Pzero bias � PDC bias)/
Pzero bias � 100% for BST thick films ranges from 3.2 to
20.6% under a DC bias of 550 V/mm at room tem-
perature, increasing with the increase of Ba molar frac-
tion [see Fig. 9(b)]. It is well known that the dielectric
properties of ferroelectric ceramics are temperature
dependent with the permittivity reaching a maximum at

the Curie temperature. Liou and Chiou reported a lin-
ear relationship between Curie temperature and Sr
molar fraction in BST ceramics and maximum changes
in permittivity with DC bias field also occurring at
Curie temperature.5 From their results, the Curie tem-
perature for BST (x ¼ 0:3) was �20 �C, which is in
agreement with the results shown in Fig. 8, where the
tunability at room temperature is highest for the
Ba0.7Sr0.3TiO3 composition. Further improvement
should still be possible as we found that the dielectric
properties of the BST thick films were inferior to their
ceramic counterparts, especially for BST ceramics with
higher Ba content (e.g. x ¼ 0:3) as shown in Fig. 10.
This is mostly attributed to the constraining effect of the
substrates during sintering, resulting in a less dense
structure as shown in Fig. 8(b). However, severe inter-
actions between BST films and alumina substrates took
place when the sintering temperature was increased above
1250 �C unless a buffer layer was applied. Another pos-
sible solution was to increase the sintering density of the
films at low temperatures by using a sintering aid. Pre-
liminary results showed that improved dielectric prop-
erties were obtained when BST films were sintered at
lower temperatures using B2O3 as a sintering aid.4

4. Conclusions

A potentially cost-effective processing route has been
used to make BST thick films with thicknesses ranging
from 10–140 mm. The processing involves press forming
a plastic BST/polymer tape onto an alumina substrate.
About 20% tunability has been achieved for the
Ba0.7Sr0.3TiO3 thick films sintered at 1300 �C for 2 h
under a DC bias field of 5.5 kV/cm. The room tem-
perature tunability of the BST films increases with the
Ba content in BST composition. However, when the
sintering temperature is above 1250 �C, interaction
between BST films and alumina substrates has been
found. Possible improvements include lowering the sin-
tering temperature by using a sintering aid or applying a
buffer layer between the BST films and alumina sub-
strates to minimise inter-diffusion.
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2, pp. 385–388.

3. Oliver, D. R. and Huang, X., Squeeze film testing of ceramic

pastes. Br. Ceram. Trans., in press.

4. Su, B. and Button, T. W., Interactions between barum strontium

titanate (BST) thick films and alumina substrates. J. Eur. Ceram.

Soc., 2001, 21(15), 2777–2781.

5. Liou, J. W. and Chiou, B. S., Effect of direct-current biasing on

the dielectric properties of barium strontium titanate. J. Am.

Ceram. Soc., 1997, 80(12), 3093–3099.

B. Su, T.W. Button / Journal of the European Ceramic Society 21 (2001) 2641–2645 2645


