Reversible switching of in-plane polarized ferroelectric domainsin BaTiO3(001) with very
low energy electrons
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Polarization switching by an applied field dependsthe initial domain ordering, defect concentmatio
electrical boundary conditions and charge screernimdylerz’s original theory of domain formation and
switching, the application of an electric field gd/rise to a transient current due to displaceroktite
polarization chardge Therefore the injection of free charge might adsdtch the polarization. Electron
beams can lead to specimen charging, setting uytemtial difference and generating an internaltelkec
field large enough to switch polarizatforHowever, high energy e-beam switching is generally
irreversible because of radiation damage.

We use a low energy electron microscope (LEEM) itnukaneously switch and observe in-plane
polarized FE domains of a BaTjGingle crystal At very low electron kinetic energy (KE), calledrror
electron microscopy (MEM), electrons are reflectdthout penetrating the sample surfacat higher
KE, the electrons penetrate the surface. In betwden reflectivity gives measure of the local work
function or surface potentfal
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Figure 1 Electron image of the surface 1.3 seconds after the start voltage has been switched from 1to 5eV.

Figure 1 shows the electron image of the surfacmglswitching in a 3@um field of view (FoV). Nine
domain boundaries (thin horizontal lines) are Vesili\t t = 0 the SV is increased from 1 to 5 eV anel
polarization switches. The switching proceeds imigazag around the direction [0-10]. It starts from
discrete points at an upper domain wall and proiesgas rather broad needles until reaching thesijgpo
domain wall. Then, the needles expand until thanudtion is switched in the entire domain. In arfb
step, switching then continues in the next domainab an angle of 90° with respect to the previoons
and so on, until the polarization in the entire Htas been switched.

Figure 2c shows the normalized intensity profileoas the domain wall before switching. The profile
obtained across each domain wall is the same. fAtkasity asymmetry results from the electrons being
deflected by the electric field due to the domaadlwlipole along [0-10]. Figure 2d shows the inigns

profiles across the same wall after polarizationtaving. The intensity asymmetry across the domain



wall is reversed, showing that the dipole is noangl[010]. The profiles across successive domaitswa
have the same shape, showing that the overall m@mpa polarization is indeed along [010] beford an
[0-10] after switching.
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Figure 2 LEEM images of sample surface before (a) and after (b) switching, the field of view is 30 pm. Intensity profiles
extracted from LEEM images acquired using 1 eV (round, red symbols) and 5 €V (square, black symbols) along [0-10]
across a domain wall before (c) and after (d) switching. The dipole acrossthe wall is shown by the plusminussigns.

The switched state is therefore a steady statdtiresfrom the balance between the equilibrium doma
pattern and the injection of negative charge. Theent density required to switch the in-plane
polarization is 0.26 mA/cfn This scales to 1 pA for a 10n long domain of the same width &) as in
our experiment. Tuning the electron energy allowsiricrease the switching speed by orders of
magnitude. Low energy electrons switch the poléinmawithout the collateral radiation damage which
occurs with high energy electrons. Switching by rgkainjection adds a new dimension to the
multifunctionality of ferroic oxides.
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