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Abstract
Piezoresponse force microscopy is used to study the velocity of the polarization domain wall in ultrathin
ferroelectric barium titanate films grown on strontium titanate substrates by molecular beam epitaxy. The
electric field due to the cone of the atomic force microscope tip is proposed as the dominant electric field
of the tip in thin films for domain expansion at lateral distances greater than about one tip diameter away
from the tip. The velocity of the domain wall under the applied electric field by the tip in barium titanate
for thin films (less than 40 nm) followed an expanding process given by Merz’s law. The material
constants in a fit of the data to Merz’s law for very thin films are reported as about 4.2 KV/cm for
activation field, Ea, and 0.05 nm/s for limiting velocity, v∞. These material constants showed a
dependence on the level of strain in the films but no fundamental dependence on thickness.
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(a) For the conductive AFM tip-ferroelectric film-conductive substrate, the origin is at the tip-surface
contact point; V is the applied voltage; a, the tip apex radius; r, is the distance from the origin; r0, the
distance between the intercept of the cone with the surface and the origin; d, the thickness of the film; and
θ0, the cone half angle. [001] is the c-direction of the film and [100] the a-direction.(b) Polarization
domain expands over time under the electric field applied by the AFM tip. ri is about a tip diameter away
from the origin and is where the electric field due to the cone dominates.

Figure 2
The downward [00-1] domain on left is formed by scanning -4 V, and upward [001] domain on right is
formed by scanning +4 V. The white line on the figure is 1 μm.

Figure 3
Polarization domain of [001] poled domains on 2, 10, and 40 nm BTO films as a function of time after
poling with 7 V by tip #1. The white line on the figure is 400 nm.
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Figure 4
Logarithm of the average velocity of domain wall, vave verses r on 10 nm film using tip #1.
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Figure 5
(a) Polarization domains for two applied voltages using tip#2; The white line on the figure is 400 nm; (b)
Radius of domains, r, as a function of time of poling, t using 4 and 8 V. The data fit well to the Eq. 6 for r
and t greater than ri and ti.
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Figure 6
Radius of domains, r, vs. time of poling, t on 2, 10, 40 nm films using tip#1 applying 7 V. The data is
accurately predicted by Eq. 6 for lateral distances greater than about one tip diameter from the tip.
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Figure 7
Reciprocal lattice map of 10 and 40 nm films, (b) XRD 2 Theta-Omega of 2, 10, 40 nm films, (measured
with Panalytical Materials Research Diffractrometer with Cu ka x-rays).
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Figure 8
Simulated applied electric field of the AFM tip in 2, 10, 40 nm films by COMSOL (points-line) and the cone
electric field (Eq. 5) (solid line). The tip radius is 60 nm (tip #1). (See supporting information.)
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