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Abstract

Electronically scanned phased array antennas (ESAs) provide the means
to achieve high data rate, beyond line of sight, on-the-move (OTM) com-
munications. The phase shifter is a key component of ESAs, and recently
BaSrTiO3 (BST) thin film technology has been acknowledged as the pre-
mier candidate for achieving affordable high performance phase shifter ele-
ments. However, there is significant concern that in practical applications
the antenna performance will be compromised due to the temperature de-
pendence of the phase shifter/device capacitance. The capacitance of the
BST phase shifter is strongly influenced by temperature changes because
the dielectric constant of a uniform composition BST films follows the
Curie-Weiss law; K = Ccurie/(T − θ) where K is the dielectric constant,
Ccurie is the curie constant, T is the temperature, and θ is the Curie
temperature. Thus, spurious changes in the phase shifter capacitance
that stem from ambient temperature fluctuation will disrupt the phase
shifter performance via device to device phase shift and/or insertion loss
variations leading to beam pointing errors and ultimately communication
disruption and/or failure in the ability to receive and transmit the infor-
mation. This seminar will present recent ARL research data focused on
compositionally stratified BST thin film material design and optimized
process science protocols which results in low loss, highly tunable and
temperature stable thin film heterostructures. Our results show that the
compositionally stratified BST thin films possessed higher permittivity,
lower dissipation factor and higher tunability with respect to both uni-
form composition paraelectric BST films fabricated via the same process-
ing method and the relevant literature values for compositionally graded
BST films. In addition, our findings revealed that the temperature de-
pendence of the dielectric response for the compositionally stratified BST
film design exhibited minimal dispersion over a broad temperature range.
The status of these results suggest that this compositionally stratified ma-
terial design is an excellent candidate for tunable devices which require
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both enhanced dielectric response and performance consistency in harsh
operational temperature regime.
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