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Probing Walls between Electrically

Polarized Domains

Optical microscopy of the crystal surface containing gold markers serves to locate a region of
interest; piezoforce microscopy reveals the domain pattern. A subsequent near-field line scan is

shownin red.

Bit-flipping studies hit a wall

In materials with lattice structures that are
slightly askew, a net separation of positive
and negative charges can arise—i.e., tiny
electric dipoles with both magnitude and
direction. By analogy to electron-spin
alignment in ferromagnets, a “ferro-
electric” material is one where these
electric dipoles spontaneously align.

The alignments occur in domains that
could serve as digital bits, subject to

being flipped by an external electric field.
Such materials are of great interest to
scientists for fundamental reasons as well
as for use in next-generation logic and
memory applications that consume very
little power.

Recent studies have highlighted the
importance of understanding what
happens at the walls separating polarized
domains. Because polarization flipping

modifies domain patterns, the domain
walls must accommodate this change.
Moreover, in materials with both
ferroelectric and ferromagnetic order
(multiferroics), local conductivity and
coupling between orders—both of which
could be useful in devices—have been
observed at the domain walls. However,
the lack of experimental techniques with
sufficient resolution has meant that
domain-wall characteristics have remained
largely underexplored.

In this work, researchers used infrared
nanospectroscopy at the ALS to probe
lattice vibrations (phonons) across
ferroelectric domain walls. The work
opens the door to studies of physical and
chemical heterogeneity in ferroics and
represents an important step toward
revealing the rich and potentially useful
properties hidden within domain walls.
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An understanding of domain-
wall behavior is relevant to the
development of advanced logic
and memory applications for
ultralow-power digital devices.

Synchrotron infrared
nanospectroscopy

Vibrational spectroscopies, such as those
in the infrared regime, are well-suited for
unveiling the phonons that drive polar
displacements. The challenge is that
infrared light has a long wavelength and
cannot be focused below about 20 pm?
(the “diffraction limit”). Synchrotron-
based near-field infrared nanospectro-
scopy overcomes the diffraction limit
and provides the high sensitivity and 20
nm? spatial resolution needed to image
samples with nanoscale textures or small
lateral areas.

In this work, synchrotron-based near-field
infrared nanospectroscopy (SINS) was
performed at ALS Beamline 2.4 on samples
of the rare-earth ferrite, Lug ¢Sco 4FeOs.
The undoped material, LuFeOg, typically
has an orthorhombic structure. Replacing



some of the Lu with Sc (a smaller and
lighter rare-earth element) leads to a
more compact, hexagonal structure that
hosts ferroelectric domains at room
temperature. The researchers then
compared their results with detailed
symmetry analyses, lattice dynamics
calculations, and prior models of
domain-wall structure.

Boundary conditions

The results revealed that the ferroelectric
walls have significant width (on the order
of 100 nm), a conclusion that contradicts
the traditional view that ferroelectric
domain boundaries are atomically

thin interfaces. Another unexpected
result is that the walls in hexagonal
LugSco4FeO3 are semiconducting rather
than conducting.

Finally, the results begin to tease out
subtle frequency shifts at the domain walls,
in both bending and stretching modes, that
were previously predicted but never
observed because they were below the
sensitivity of earlier methods. The shifts

Co- authors Kevin Smith and Jan Musfeldt
(University of Tennessee).
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Contour plot of the synchrotron near-field infrared response across a ferroelectric domain wall.
Frequency shifts at the interface are attributable to force-constant changes and a possible
intermediate phase.

are consistent with the appearance of
an intermediate (possibly nonpolar)
phase internal to the wall, in line with
proposed models.

properties with compositional tuning,
and developing the structure-property
relations among ferroelectric walls in
related multiferroics.

Opportunities to build upon these findings
include exploring domain walls in other
materials, enhancing and controlling
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