Copyright by the American Institute of Physics (AIP). Joshi, PC; Desu, SB, “Properties of Ba(Mg1/3Ta2/3)O-3 thin films
prepared by metalorganic solution deposition technique for microwave applications,” Appl. Phys. Lett. 73, 1080 (1998); http://
dx.doi.org/10.1063/1.122090

Properties of Ba(Mg 1/3 Ta 2/3 )O 3 thin films prepared by metalorganic solution
deposition technique for microwave applications
P. C. Joshi and S. B. Desu
Citation: Applied Physics Letters 73, 1080 (1998); doi: 10.1063/1.122090
View online: http://dx.doi.org/10.1063/1.122090
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/73/8?ver=pdfcov
Published by the AIP Publishing

This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:
128.173.125.76 On: Fri, 17 Jan 2014 18:51:38

APPLIED PHYSICS LETTERS

VOLUME 73, NUMBER 8

24 AUGUST 1998

Properties of Ba„Mg1/3Ta2/3…O3 thin films prepared by metalorganic
solution deposition technique for microwave applications
P. C. Joshi and S. B. Desu
Department of Materials Science and Engineering, Virginia Tech, Blacksburg, Virginia 24061-0237

~Received 10 March 1998; accepted for publication 29 May 1998!
We report on the properties of Ba~Mg1/3Ta2/3!O3 thin films prepared by the metalorganic solution
deposition technique. Bulk Ba~Mg1/3Ta2/3!O3 ceramics have shown excellent dielectric properties at
microwave frequencies; however, the high sintering temperature of bulk material is the major
obstacle in their use as dielectric resonators to miniaturize microwave circuits. It was possible to
obtain an ordered-perovskite phase of 0.3-mm-thick Ba~Mg1/3Ta2/3!O3 films with trigonal symmetry
at an annealing temperature of 700 °C, which is much lower than the bulk sintering temperatures.
The electrical measurements were conducted on Pt/Ba~Mg1/3Ta2/3!O3 /Pt capacitors. The typical
measured small signal dielectric constant and dissipation factor at 100 kHz were 22.2 and 0.009,
respectively. The dielectric constant of thin films was comparable to the typical values ( e r
;23.5– 25) reported for bulk ceramics. The temperature coefficient of capacitance was 2145
ppm/°C in the measured temperature range of 25–125 °C. The leakage current density was lower
than 1027 A/cm2 at an applied electric field of 0.5 MV/cm. The high dielectric constant, which is
comparable to bulk, low dielectric loss, and good temperature and bias stability suggest the
suitability of Ba~Mg1/3Ta2/3!O3 thin films for microwave communications and integrated capacitor
applications. © 1998 American Institute of Physics. @S0003-6951~98!01931-7#

There is currently an explosive growth in the need for,
and application of, microwave circuit technologies. The
progress in microwave communication applications and continuing miniaturization of integrated circuitry has resulted in
a demand for smaller microwave resonators, which are a key
component in microwave circuits.1 Dielectric materials
which can be used as resonators must exhibit a high dielectric constant e r ~the size of the dielectric resonator is proportional to 1/Ae r ), extremely low dielectric loss ~high Q, Q is
given by 1/tan d), and small temperature coefficient of resonant frequency. Complex perovskite materials with the
chemical formula Ba(B 1/3B 8 2/3)O3 (B5Mg, Zn; B 8 5Ta,
Nb! have been reported to possess excellent microwave
properties.2–4 In particular, Ba~Mg1/3Ta2/3!O3 ~BMT! has
been reported to show a dielectric constant e r of 25, Q value
of 36 000 at 10 GHz, and a low temperature coefficient of
resonant frequency of 4.4 ppm/°C.5–7 However, poor sinterability and high densification temperature are the major
problems to be solved to exploit the excellent properties of
bulk BMT ceramics in microwave devices. The bulk ceramics prepared by conventional solid state reaction method with
addition of various sintering aids require extremely high sintering temperature ~>1600 °C! or very long sintering time at
lower temperatures ~;100 h at 1450 °C!. Attempts have also
been made to reduce the processing temperature by using
modified solid state reaction method, rapid heating, and solgel method.4–9 A reduction in sintering temperature of BMT
is necessary for use as a dielectric resonator in miniaturized
communication devices. In the present work, we have fabricated the thin films of Ba~Mg1/3Ta2/3!O3 for applications in
microwave frequency communications devices. Thin films of
dielectric materials offer the advantage, in general, of much

lower crystallization temperatures and larger capacitance
than bulk samples and can be integrated in microelectronics
devices.
Thin films of Ba~Mg1/3Ta2/3!O3 were prepared by metalorganic solution deposition ~MOSD! technique. MOSD processing has been extensively used in thin film technology
because of the advantages of low processing temperature,
precise composition control, low equipment cost, and uniform deposition over large area substrates.10 Thin films of
BMT were fabricated using barium acetate, magnesium
methoxide, and tantalum ethoxide as precursors. Acetic acid
and 2-methoxyethanol were selected as solvents. In the experiment, barium acetate was initially dissolved in acetic
acid under room temperature conditions. The clear solution
thus formed was added to the solution of tantalum ethoxide
and magnesium methoxide in 2-methoxyethanol to prepare a
stoichiometric, clear, and stable Ba~Mg1/3Ta2/3!O3 precursor
solution. The viscosity of the solution was controlled by
varying the 2-methoxyethanol content. Dust and other suspended impurities were removed from the solution by filtering through 0.2 mm syringe filters. The precursor films were
coated on to Pt-coated Si substrates by spin coating using a
photoresist spinner. The thickness of the films was controlled
by adjusting the viscosity of the solution and spin speed.
After spinning on to various substrates, films were kept on a
hot plate ~at ;350 °C! in air for 10 min. This step was repeated after each coating to ensure complete removal of
volatile matter. The postdeposition annealing of the films
was carried out at various temperatures in an oxygen atmosphere. In the present letter, we report the structural and electrical properties of Ba~Mg1/3Ta2/3!O3 thin films. The crystallinity of the films was analyzed by x-ray diffraction ~XRD!.
The microstructure of the films was analyzed by atomic force
microscopy ~AFM!. The electrical properties reported in-
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FIG. 1. X-ray diffraction pattern of Ba~Mg1/3Ta2/3!O3 thin film annealed at
700 °C for 60 min.

clude dielectric, current density-electric field (J – E), and
FIG. 2. Atomic force micrograph of Ba~Mg1/3Ta2/3!O3 thin film annealed at
700 °C for 60 min.
capacitance–voltage (C – V).
The pyrolyzed films ~at ;350 °C! were found to be
amorphous and postdeposition annealing was required to
was comparable to the value ( e r ;23.5– 25) reported for
develop crystallinity. The structure of the films was analybulk BMT ceramics.5–9,12 The intrinsic dissipation factor
zed by Scintag XDS 2000 diffractometer using Cu Ka radiavalue is expected to be even lower than 0.009 as the effects
tion at 40 kV. Figure 1 shows the XRD patterns of films
of series and parallel resistances due to measurement conannealed at 700 °C for 60 min. It was possible to attain a
figuration on the measured values of capacitance and loss
well-crystallized perovskite phase at 700 °C with peaks atfactor were not modeled. The dielectric properties did not
tributable to trigonal phase. The XRD patterns also revealed
show any appreciable dispersion with frequency up to about
that films were polycrystalline in nature with no evidence of
1 MHz indicating good film/electrode interfacial characterispreferred orientation or secondary phases. The broad
tics. However, as the frequency was increased above 1 MHz,
XRD peaks indicated the presence of small grains.
the dielectric constant was found to decrease and the loss
Ba~Mg1/3Ta2/3!O3 is a disorder–order perovskite-type oxide
factor was found to increase with frequency. This behavior
compound.11 The ordered compounds with the general forwas found to be extrinsic in nature as similar behavior was
mula Ba(B 1/3B 82/3)O3 (B5Mg, Zn; B 8 5Ta, Nb! adopt a
observed at around the same frequency for thin films of other
trigonal symmetry owing to a rhombohedral distortion along
dielectric materials. At frequencies of the order of a few
a ^111& direction of the cubic cell. The trigonal symmetry is
megahertz, the stray inductance L of the contacts and wires
and/or the presence of a finite resistance in series with the
P3̄m1 and the ordered compounds are indexed in terms of
film, which may arise due to intrinsic or extrinsic sources,
hexagonal unit cell. The significantly lower processing
may cause such behavior.13,14
temperature of BMT thin films compared to bulk sintering
The thermal stability of MIM capacitors was analyzed in
temperature show the possibility of exploiting thin films
the temperature range of 25–125 °C. The temperature stabilfor microwave devices. The surface morphology of
ity of the capacitance was measured in terms of the paramBa~Mg1/3Ta2/3!O3 thin films was analyzed by Digital Instrueter DC/C 0 , where DC is the change in capacitance relative
ment’s Dimension 3000 atomic force microscope using tapping mode with amplitude modulation. The surface morphology of the films was smooth with no cracks and defects, as
shown in Fig. 2, and the average surface roughness was less
than 4 nm. The films exhibited a dense microstructure and
the grain size was very fine.
The dielectric properties of Ba~Mg1/3Ta2/3!O3 thin films
were analyzed in terms of the dielectric constant e r and dissipation factor tan d. The dielectric measurements were conducted on metal–insulator–metal ~MIM! capacitors with an
HP 4192A impedance analyzer. Several platinum electrodes
(area53.731024 cm2) were sputter deposited through a
shadow mask on the top surface of the films to form MIM
capacitors. Figure 3 shows the dielectric constant and dissipation factor as a function of frequency for a 0.3-mm-thick
film annealed at 700 °C. The small signal dielectric constant
and dissipation factor at a frequency of 100 kHz were 22.2
FIG.to the
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FIG. 4. Bias dependence of the capacitance and dissipation factor of
Ba~Mg1/3Ta2/3!O3 thin film.
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FIG. 5. J – E characteristics of 0.3-mm-thick Ba~Mg1/3Ta2/3!O3 films annealed at 700 °C.

tures. The films were found to be well crystallized in ordered
to the capacitance C 0 at 25 °C. The change in film capaciperovskite phase with trigonal symmetry at an annealing
tance relative to film capacitance at 25 °C was found to be
temperature of 700 °C. The surface morphology of the films
lower than 1.5% up to 125 °C indicating good temperature
was smooth with no cracks or defects and the grain size was
stability of BMT-based thin film capacitors. The loss factor
fine. The measured small signal dielectric constant and diswas found to increase from 0.009 to 0.015 as the temperature
sipation factor at 100 kHz were 22.2 and 0.009, respectively.
was increased from 25 to 125 °C. The BMT thin films exThe dielectric constant of thin films was comparable to the
hibited a negative temperature coefficient of capacitance of
values ( e r ;23.5– 25) reported for bulk ceramics. The MIM
2145 ppm/°C in the measured temperature range of 25–
capacitors exhibited good temperature and bias stability. The
125 °C which is comparable to the value reported for bulk
15
temperature coefficient of capacitance was 2145 ppm/°C in
material. The high dielectric constant, low dielectric loss,
the
measured temperature range of 25–125 °C. The film caand good thermal stability characteristics show the suitability
pacitance
showed less than 0.3% change up to an applied
of Ba~Mg1/3Ta2/3!O3 thin films for integrated microwave deelectric
field
of 1 MV/cm across the sample. The leakage
vices.
current
density
was lower than 1027 A/cm2 at an applied
The bias stability of MIM capacitors was analyzed in
electric field of 0.5 MV/cm. The high dielectric constant,
terms of capacitance–voltage (C – V) and leakage current
which is comparable to bulk, much lower processing temcharacteristics to establish their reliability for capacitor apperature compared to bulk sintering temperature, low dielecplications. The C – V measurements were conducted on MIM
tric loss, and good temperature and bias stability charactercapacitors by applying a small ac signal of 10 mV amplitude
istics suggest the suitability of Ba~Mg1/3Ta2/3!O3 thin films
and 100 kHz frequency across the sample while the dc elecfor microwave and integrated capacitor applications.
tric field was swept from a positive bias to negative bias and
back again. Figure 4 shows the C – V characteristics of BMT
thin films in MIM configuration. The capacitance and dissipation factor did not show appreciable dependence on the
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