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Magnetoelectric (ME) [1] composites, consisting of a piezoelectric (PE) and a magnetostrictive
(MS) material, are of great interest for potential applications as highly sensitive ME sensors. A
large ME response is only obtained if the lattice deformation induced by an external magnetic field
in the MS material can be transferred effeciently to the PE material. The understanding of this
mechanical coupling and its dependence on the components interface structure is still very rudi-
mentary. This study aims at understanding this coupling by directly measuring the strain induced
in the PE material in an external magnetic field employing nano focussed X-ray diffraction meth-
ods. These in situ experiments will be performed on complex ME microcomposites consisting of
a single crystal piezoelectric ZnO and an amorphous magnetostrictive (Fe90Co10)78Si12B10 (Met-
glas) thin film, which have been shown to exhibit a large ME effect [2]. The ZnO samples are thin
needles grown via Flame Transport Synthesis (FTS) on Si substrates. Overall two samples were
analysed. One was a bare ZnO needle, the second one a needle coated with 200 nm Metglas. To
understand the change of lattice structure and the induced strain due to coating, the high intense and
highly focused synchrotron radiation beam from the Nanofocus endstation of MiNaXS-Beamline
is necessary. The sample is oriented perpendicular to the beam. An optional external magnetic
field perpendicular to the needle orientation and incident beam direction can be applied with an
amplitude of 34 mT.

Figure 1: (left) principle of mesh scan (right) every point represents the actual (101) Bragg peak resulting
from the mesh scan.

With mesh scans along the sample (Figure 1) we get information about the crystal quality as well
as strain maps of the sample. As the Bragg peak is always present when the beam hits the needle
we can safely assume that the samples are single crystals of high homogeneity. Differences in peak
shape and position are also visible, providing insight into the strain distribution in the sample.
By comparing the rocking scans (Figure 2 (left)) we see that the pure ZnO has a much smaller peak
width than the coated needle, which exhibits approximately four times broader peaks. This shows
an overall decline of the crystal quality due to the coating. Comparing the Bragg scans (Figure 2
(right)) we can see a shift in position of around 0.1 nm−1 between the coated and uncoated sample.



Figure 2: (left) Rocking Scans and (right) Bragg Scans of pure (red) and coated (blue) ZnO.

From the peak position the interplanar spacing and the corresponding strain was determined using
the equation ε = (dcoated-duncoated0)/duncoated0. As the position of the Bragg peak of the uncoated
sample is highly uniform over the sample, duncoated0 was taken as the mean Bragg peak position.
dcoated is the exact position of every single Bragg peak of the mesh scan on the coated sample.
From the spatial resolved data a strainmap of the data could be created. The coating produced a
compressive strain on the piezoelectric ZnO (Figure 3 (left)) of ε ≈ (−5.7 ± 0.57) · 10−3. We
also applied an external magnetic field (Figure 3 (right)). At 34 mT there is an overall relaxation
of the previously induced strain of ∆ε ≈ (0.51 ± 0.05) · 10−3 providing direct insight into the
magnetoelectric coupling in these microstructures.

Figure 3: Strain map of coated ZnO at 0 mT (left) and at 34 mT (right) relative to the uncoated ZnO.

We have shown that it is possible to directly observe the compressive strain ((−5.7 ± 0.57) · 10−3)
due to coating and the magnetic field induced relaxing strain ((0.51 ± 0.05) · 10−3) inside a ME
ZnO/(Fe90Co10)78Si12B10 micro composite with nano X-ray diffraction. This project was funded
by the SFB 855.
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