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Electron backscatter diffraction (EBSD) technique in a scanning electron microscope (SEM) is often
employed for the structural characterization of thin polycrystalline films and texture acquisition of
surfaces for metals and minerals. However, the EBSD-SEM technique has limited spatial resolution
(>30 nm for SEM with a Field Emission Gun) and is very sensitive to sample preparation-induced
surface roughness and damage.

To overcome the above limitations, an automated technique for phase mapping and crystal
orientation of polycrystalline materials has been developed recently in the TEM [1]. This technique
is based on template matching of experimental electron diffraction (ED) spot patterns, wherein the
acquired ED patterns from several sample locations are compared via cross-correlation matching
models with pre-calculated simulated templates to reveal local crystal orientation(s) and phase(s).
The dedicated system, called ASTAR, allows crystal orientation and phase identification of regions
of up to 10 um?, with a step size/resolution ranging from 1-20 nm depending on the gun type (FEG
or LaBg). So far, very promising results have been obtained for phase and orientation maps of pure
metals, alloys and semiconductors [1-2]. In order to improve the quality of the acquired diffraction
patterns and the resulting high resolution orientation-phase maps, particularly for complex
structures, beam precession is used. The precession of the beam has also been shown to reduce the
occurrence of 180° ambiguities related to highly symmetric spot patterns from the zero order Laue
zone. This is because reflections from higher order Laue zones may be excited in PED patterns [2].

In our study we have used the ASTAR system to analyze the texture of Pt, Cu, and W thin films
prepared by sputter deposition onto oxidized Si substrates. The Cu and W films were encapsulated
with an under-and an overlayer of 20 nm sputtered Si0,. The work was performed in a JEOL 2010F
TEM equipped with the ASTAR system in nanobeam mode (1 nm probe size). It is of interest to
note that not only the texture may be inferred from the maps (Fig.1-3) but also the grain size is
clearly revealed with such measurements. On the other hand, from conventional bright field images
grain boundaries are difficult to distinguish because of pronounced dynamic diffraction contrast
effects. Accurate crystallography studies can be performed in such high resolution orientation maps,
including complete crystallographic characterization of boundary types (e.g., twins in Fig. 3).
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FIG.1 (a) Bright field TEM image of a 50 nm-thick Pt film sputter deposited on oxidized Si, the
corresponding orientation maps (b-d). Colors refer to inverse pole figure for the x (b) , y (¢) and z (d)
axes, respectively. A [111] fiber texture is clearly seen in (d).
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FIG. 2. (a) Bright field TEM image of a 40 nm-thick W Film sputter deposited on oxidized Si and
encapsulated with 20 nm of sputtered SiO,, (b-c) the corresponding orientations maps (b-c).Colors
refer to inverse pole figures for the z(b) and x(c) axes, respectively.

FIG. 3 Bright field TEM image of a 50 nm-thick Cu
film encapsulated with 20 nm of sputtered SiO, and (b)
corresponding orientation map along y. The area circled
in white in the lower left contains a twin characterized
by a 60° misorientation around the [111] common pole
(c). Misorientation (d) is calculated along the thin line
that crosses the twin boundary
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