Deterministic, Arbitrary Rotation of Electric Polarization

Scientific Achievement
We demonstrate the first example of deterministic,
arbitrary rotation of polarization in a ferroelectric thin
film.

Significance and Impact
Controlled manipulation of polarization to any angle
allows increased information densities for ferroelectric
memory devices.

» Research Details

— Ferroelectrics have been used as memory storage devices,
where the information is encoded in the direction of the
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Narrative Highlight Text: Ferroelectric memories have traditionally been limited in their density by
the number of states in which the electric polarization vector can be oriented. The number of states
is defined by the symmetry of the material. By decoupling the polarization from the symmetry on a
mesoscopic scale, we show that we can create a switched spectrum of states, and that the
polarization can be oriented at any in-plane angle through controlled writing by an atomic force
microscope tip in a composite Bi;Ti;FeO,.-CoFe, O, ferroelectric film. Through high resolution
piezoresponse force microscopy imaging, it is found that the surface consists of a wealth of sub-
50nm nanodomains, which could facilitate this rotation on the mesoscopic scale. The cause of
disorder appears to be the CoFe,0, inclusions, with electron microscopy showing very large
stresses imparted on the Bi;Ti;FeO,c matrix resulting in characteristic strain undulations
through the matrix, and dislocations at the interface. In addition to opening the possibility for
larger densities of ferroelectric memories, these studies give more understanding pertaining to
theories of large electromechanical response in particular classes of ferroelectrics materials, such as
those near morphotropic phase boundaries, and relaxor ferroics.
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