
Type of presentation: Poster
 

IT-9-P-2034 Imaging of grain boundaries in polycrystalline samples by HRTEM
 

Kiss Á. K.1, 2, Pécz B.1, Rauch E. F.3, Nicolopoulos S.4, Lábár J. L.1
 
1Institute for Technical Physics and Materials Science, Research Centre for Natural Sciences of
the Hungarian Academy of Sciences (MTA TTK MFA), Budapest, Hungary, 2University of
Pannonia, Doctoral School of Molecular-and Nanotechnologies, Veszprém, Hungary, 3SIMaP,
Grenoble INP/CNRS, France, 4NanoMEGAS Sprl, Brussels, Belgium
 

Email of the presenting author: kiss.akos.koppany@ttk.mta.hu
 
Simultaneous imaging of neighboring grains and the grain boundary between them is tedious if
polycrystalline samples are to be examined with random orientation distribution of submicron
sized grains. The tilting range of HRTEMs is limited to about 20° and there is a low probability
to find simultaneously resolved planes and especially low index zones for both grains within
this tilting range by chance. Operation of a computer assisted method is demonstrated here
that aids such imaging. The method is a combination of the commercial precession electron
diffraction (PED) system [1] deployed on a JEOL 3010 with a new computer program that
predicts tilt values needed for simultaneous HRTEM imaging of the grains selected from the
orientation map.
The best scenario is when we are able to orient low index zones parallel to the electron beam
in both grains and the grain boundary is also parallel to the beam simultaneously. A solution
with compromise is if only one of the grains is seen from a low index zone while only one
plane-set is resolved for the other.
Miller indices of the grain boundary plane in the coordinate systems of both grains are
determined from its projection and the local thickness (or from projections at two tilt values as
an alternative). The method also comprises the calibration of the directions of the tilt axes in
the image.
The evaluation process can be applied to both cubic and non-cubic crystal systems and even
to phase boundaries since the calculation of orientations and sample tilts is based on the
general metric matrix formalism.
Application of the method is demonstrated here on hcp ZnO thin film with grain size of ca.
20‑40 nm deposited on Si substrate. Figure 1 shows the orientation map of the interested area.
Different colors represent different orientations (blue area at bottom is the Si substrate)
therefore individual grains can be recognized. The chosen boundary is marked by the white
arrow. Figure 2 shows BF image of the layer while Figure 3 presents the HRTEM image of the
observed boundary. The area marked by the dashed rectangle indicates a region where the
two grains do not overlap, so the boundary is almost in the beam direction here. Fast Fourier
transforms of the two grains, shown as inserts, corroborate that both grains are seen from the
predicted orientations.
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Fig. 1: Orientation map; probe size: 10 nm, step size: 5 nm.
The observed boundary is marked by the white arrow.
 

 
Fig. 2: Bright field image taken at the area of interest. The
observed boundary is marked by the white arrow.
 

 
Fig. 3: High resolution image of the neighboring grains showing the first grain from [011] i.e. [-1 2 -1 3] zone. The (011)
i.e. (0 1 -1 1) planes are only resolved for the second grain. The selected area shows the best insight into the structure
of the boundary.
 


