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ABSTRACT

Final Report: Domain Wall Evolution in Phase Transforming Oxides

Report Title

Phase-transforming materials enable environmental sensing and interaction critical to several military functions such as surveillance, 
navigation, threat identification, target acquisition, and missile guidance. Domain wall motion, or the planar defects separating regions of 
spontaneous polarization and strain, underlies the origin and evolution of coupling behavior. This project characterizes domain wall motion 
and domain configurations under driving forces (e.g. changes in temperature and electric fields) in an effort to: 1) understand the underlying 
linkage between domain architectures and macroscopic properties, 2) explore new methods to control domain structures, and 3) identify 
unique domain configurations with novel properties. In the final year of this project, we have reported several new results related to the 
structure of lead-free materials based on Bi, Ba, Ca, Na and K. These results point towards local structures that are dramatically different 
than lead-based perovskites, the likely reason for lower effective properties. In PZT, we have used in situ diffraction measurements to help 
develop new constitutive models. We have also used in situ X-ray diffraction of PZT thin films in order to provide key insight into their 
synthesis and performance. Strong collaborations have continued with Argonne National Laboratories in X-ray scattering, as well as 
outreach and integration with the Army Research Laboratory.
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Education, Research and Engineering:
The number of undergraduates funded by your agreement who graduated during this period and intend to work 

for the Department of Defense
The number of undergraduates funded by your agreement who graduated during this period and will receive 

scholarships or fellowships for further studies in science, mathematics, engineering or technology fields:

Student Metrics
This section only applies to graduating undergraduates supported by this agreement in this reporting period

The number of undergraduates funded by this agreement who graduated during this period:

2.00

2.00

2.00

0.00

0.00

2.00

2.00

The number of undergraduates funded by this agreement who graduated during this period with a degree in 
science, mathematics, engineering, or technology fields:

The number of undergraduates funded by your agreement who graduated during this period and will continue 
to pursue a graduate or Ph.D. degree in science, mathematics, engineering, or technology fields:......

......

......

......

......

PERCENT_SUPPORTEDNAME

FTE Equivalent:

Total Number:

Jennifer Forrester 0.50
Chris Fancher 0.20

0.70

2

PERCENT_SUPPORTEDNAME

FTE Equivalent:

Total Number:

National Academy Member
Jacob Jones 0.08

0.08

1

PERCENT SUPPORTEDNAME

FTE Equivalent:

Total Number:

Discipline
Jared Carter 1.00 Materials Science and Engineering
Lyndsey Denis 1.00 Materials Science and Engineering

2.00

2

NAME

Total Number:

NAME

Total Number:

......

......



Sub Contractors (DD882)

Names of other research staff

Inventions (DD882)

Scientific Progress

Major scientific results and accomplishments are highlighted in the ten (14) peer-reviewed papers that have been published 
within the past project year. The experimental and theoretical work on these publications spanned the present reporting year 
and the prior project year at the University of Florida. A brief summary of the most impactful results are provided here: 





1. Magnetoelectric Coupling: We considered the innate anisotropy of piezoelectric and magnetostrictive materials to determine 
the ideal directions and orientation relationships for which the maximum magnetoelectric response may be observed in a 
composite or heterostructure of these constituent materials. We introduced a formalism for the magnetoelectric effect that takes 
into account the independent anisotropy of the piezoelectric and magnetostrictive phases and their relative orientation. A 
maximum magnetoelectric effect was predicted in orientations that have not yet been synthesized experimentally, suggesting a 
need for the development of new routes to synthesize and fabricate designed composite materials with enhanced 
magnetoelectric response.  This work was published in Applied Physics Letters in 2014. 





2. Domain Wall Motion: Many of our prior domain wall motion studies have involved lead zirconate titanate (PZT) and lead-free 
compositions Na0.5K0.5NbO3 (NKN) and Na0.5Bi0.5TiO3 (NBT). This past year, we reported results on piezoelectric 
compositions (1-x)Ba(Zr0.2Ti0.8)O3–x(Ba0.7Ca0.3)TiO3 (BZT-xBCT) and 0.55Bi(Ni1/2Ti1/2)O3 – 0.45PbTiO3 (BNT-45PT) that 
provide further fundamental insight into domain wall motion in ferroelectrics. BZT-xBCT spans a model lead-free morphotropic 
phase boundary (MPB) between room temperature rhombohedral and tetragonal phases at approximately x=0.5. In this system, 
in situ X-ray diffraction measurements during electric field application were used to elucidate the origin of electromechanical 
strain in several compositions spanning the tetragonal compositional range 0.6 ≤ x ≤ 0.9. As BCT concentration decreases 
towards the MPB, the tetragonal distortion (given by c/a-1) decreased concomitantly with an increase in 90° degree domain wall 
motion. The increase in observed macroscopic strain is predominantly attributed to the increased contribution from 90° domain 
wall motion. The results demonstrate that domain wall motion is a significant factor in achieving high strain and piezoelectric 
coefficients in lead-free polycrystalline piezoelectrics. We then reported similar measurements in the ferroelectric morphotropic 
phase boundary composition BNT-45PT. After application of strong electric fields, two phases were shown to coexist. In the 
tetragonal phase of this material, the extent of 90° domain wall motion is significant and the domain alignment is nearly 
saturated. Weak (subswitching) cyclic electric fields were then shown to induce domain wall motion. Deaging, or the 
progressive loss of preferred domain orientation during sequentially increasing field amplitudes, is notably low in these 
materials, showing that the initial domain alignment is strongly stabilized. Overall, the in situ measurements on these two 
compositions bring useful fundamental structure-property relations to the field of electroactive materials and reinforces the 
importance of understanding domain wall motion contributions to the physical properties of ferroelectrics. This work was 
published in Applied Physics Letters and Journal of Applied Physics. 





3. Designed Atmospheric Changes During Crystallization of Films: The crystallization behavior of solution-derived lead 
zirconate titanate (PZT) thin films in different atmospheric environments was first studied using in situ X-ray diffraction. The 
stability of the transient intermetallic Pt3Pb phase and perovskite PZT was found to be dependent on oxygen partial pressure 
during crystallization. Based on the relationship between oxygen partial pressure and the resultant phase stability of 
intermediate phases, a new route to produce PZT thin films was developed. The new route involves switching atmospheres 
during crystallization and is shown to mitigate the formation of the transient intermetallic Pt3Pb phase and to promote the 
perovskite PZT phase. The route evidences a new and significant variable controlling film synthesis and film microstructure. 
This work was published in Journal of the American Ceramic Society.

Technology Transfer

The PI interacts with Dr. Ron Polcawich at the ARL Adelphi site on topics related to PZT thin films.
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